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©  Microcomputer. 
A  microcomputer  comprises  memory  (60)  and  a  proces- 

sor  including  a  plurality  of  channels  (70)  to  enable  data 
transmission  between  concurrent  processes.  An  inputting 
process  may  input  data  through  one  of  a  plurality  of 
alternative  input  channels  (70).  Data  transmission  occurs 
when  both  processes  are  at  corresponding  stages  in  their 

programs.  lf  an  inputting  process  finds  that  no  outputting 
process  is  yet  ready  on  any  of  the  alternative  channels  the 
inputting  process  may  be  descheduled  and  synchronisation 
achieved  by  special  values  located  in  locations  (67)  in  a 
workspace  (60)  for  the  process. 



MICROCOMPUTER 

The  p r e sen t   i nven t ion   r e l a t e s   to  microcomputers   and  more  p a r t i c u l a r l y  

to  microcomputers   for  e f f e c t i n g   message  t r a n s m i s s i o n   be tween  

c o n c u r r e n t   p r o c e s s e s .  

BACKGROUND  OF  THE  INVENTION 

Our  European  Pa ten t   S p e c i f i c a t i o n   0113516  d e s c r i b e s   a  mic rocompute r  

compr is ing   a  p roces so r   and  memory  for  o p e r a t i n g   a  p l u r a l i t y   o f  

c o n c u r r e n t   p roces se s .   I t   pe rmi t s   o u t p u t t i n g   p rocesses   to  output   d a t a  

and  i n p u t t i n g   p rocesses   to  inpu t   data  by  use  of  communica t ion  

channe l s .   It  permits   d e s c h e d u l i n g   of  a  c u r r e n t   process   and  s c h e d u l i n g  

by  adding  a  process   to  a  c o l l e c t i o n   awai t ing   e x e c u t i o n .   An  i n p u t t i n g  

p rocess   may  input   through  one  of  a  number  of  a l t e r n a t i v e   channels   b u t  

the  i n p u t t i n g   process   must  be  scheduled  in  order  to  t e s t   the  s t a t e   o f  

the  channels   to  find  when  an  o u t p u t t i n g   process   has  reached  a 

c o r r e s p o n d i n g   s tage  in  i t s   p r o g r a m .  

OBJECTS  OF  THE  INVENTION 

It   is  an  ob j ec t   of  the  p r e s e n t   i nven t ion   to  provide  an  improved 

microcomputer   which  a l lows   a  p rocess   to  input   data  through  one  of  a 

p l u r a l i t y   of  a l t e r n a t i v e   c h a n n e l s .  

I t   is  a  f u r t h e r   ob j ec t   of  the  p r e s e n t   i n v e n t i o n   to  permit   a  process  t o  

input   data  through  one  of  a  p l u r a l i t y   of  a l t e r n a t i v e   input  c h a n n e l s  

and  for  the  i n p u t t i n g   process   to  be  descheduled   while  awai t ing   an 

o u t p u t t i n g   process   to  reach  a  c o r r e s p o n d i n g   s tage  in  i t s   p rogram.  

SUMMARY  OF  THE  INVENTION 

The  i nven t ion   provides   a  microcomputer   compris ing  memory  and  a 

p rocesso r   ar ranged  to  execute   a  p l u r a l i t y   of  c o n c u r r e n t   p r o c e s s e s ,  



each  in  accordance   with  a  program  c o n s i s t i n g   of  a  p l u r a l i t y   o f  

i n s t r u c t i o n s   for  s e q u e n t i a l   execut ion   by  the  p r o c e s s o r ,   each  

i n s t r u c t i o n   d e s i g n a t i n g   a  r e q u i r e d   func t ion   to  be  executed  by  t h e  

p r o c e s s o r ,   said  p r o c e s s o r   compris ing  (1)  a  p l u r a l i t y   of  r e g i s t e r s   and  

data  t r a n s f e r   means  for  use  in  data  t r a n s f e r s   to  and  from  s a i d  

r e g i s t e r   (2)  means  for  r e c e i v i n g   each  i n s t r u c t i o n   and  loading  in to   one 

of  the  p r o c e s s o r   r e g i s t e r s   a  value  a s s o c i a t e d   with  the  i n s t r u c t i o n ,  

and  (3)  con t ro l   means  for  c o n t r o l l i n g   said  data  t r a n s f e r   means  a n d  

r e g i s t e r s   in  r e sponse   to  each  i n s t r u c t i o n   r e c e i v e d   to  cause  t h e  

p roces so r   to  o p e r a t e   in  accordance  with  the  i n s t r u c t i o n ,   wherein  t h e  

microcomputer   i n c l u d e s : -  

(1)  s chedu l ing   means  to  enable   the  p rocessor   to  share  i t s   p r o c e s s i n g  

time  between  a  p l u r a l i t y   of  c o n c u r r e n t   p r o c e s s e s ,   said  s c h e d u l i n g  

means  c o m p r i s i n g : -  

(a)  means  for  i d e n t i f y i n g   one  or  more  p r o c e s s e s   to  form  a t  

l e a s t   one  c o l l e c t i o n   awai t ing   execu t ion   by  the  p r o c e s s o r  

(b)  means  for  de schedu l ing   a  process   by  i n t e r r u p t i n g   e x e c u t i o n  

of  the  c u r r e n t   p r o c e s s  

(c)  means  for  s chedu l ing   a  process   by  adding  i t   to  a  

c o l l e c t i o n   awa i t ing   e x e c u t i o n ,   a n d  

(2)  communication  means  to  permit   data  t r a n s m i s s i o n   from  one  p r o c e s s  

to  ano ther   by  use  of  communication  channels   when  both  p rocesses   are  a t  

c o r r e s p o n d i n g   s t ages   in  t h e i r   program  sequences ,   an  o u t p u t t i n g   p r o c e s s  

o p e r a t i n g   to  o u t p u t   data  and  an  i n p u t t i n g   process   o p e r a t i n g   to  i n p u t  

data  in  r esponse   to  message  i n s t r u c t i o n s   which  i d e n t i f y   one  or  more 

channels   for  use  in  the  data  t r a n s m i s s i o n ,   sa id   communication  means 

i n c l u d i n g : -  

(a)  a  p l u r a l i t y   of  channels   each  compr i s ing   s to re   means  f o r  

hold ing   a  value  i n d i c a t i n g   whether  a  p rocess   has  e x e c u t e d  

an  i n s t r u c t i o n   to  e f f e c t   data  t r a n s m i s s i o n   using  t h a t  

c h a n n e l ,  

(b)  means  r e s p o n s i v e   to  execut ion   of  a  message  i n s t r u c t i o n  

by  one  of  the  p rocesses   involved   in  the  data  t r a n s m i s s i o n  

when  sa id   one  process   is  the  c u r r e n t   process   for  t e s t i n g  

the  c o n t e n t s   of  the  or  each  channel  i d e n t i f i e d   by  t h e  



i n s t r u c t i o n   and  a r r anged   to  opera te   said  means  to  d e s c h e d u l e  

the  c u r r e n t   p rocess   i f   no  channel  is  found  c o n t a i n i n g   a 

value  i n d i c a t i n g   t h a t   the  other  process   involved  in  the  d a t a  

t r a n s m i s s i o n   has  reached  a  co r r e spond ing   program  s tage ,   and  

(c)  means  to  allow  an  i n p u t t i n g   process   to  input   through  one  o f  

a  p l u r a l i t y   of  a l t e r n a t i v e   channe ls ,   and  c o m p r i s i n g :  

(1)  means  r e spons ive   to  e x e c u t i o n   of  a  message  i n s t r u c t i o n   by  t h e  

i n p u t t i n g   p r o c e s s  t o   t e s t   the  c o n t e n t s   of  each  of  the  a l t e r n a t i v e  

channe l s   and  to  load  into  each  channel  a  value  i n d i c a t i n g   tha t   t h e  

i n p u t t i n g   process   has  execu ted   the  message  i n s t r u c t i o n   i f   the  channel  

does  not  a l r e a d y   conta in   a  value  i n d i c a t i n g   tha t   an  o u t p u t t i n g   p r o c e s s  
has  executed   a  message  i n s t r u c t i o n   using  tha t   c h a n n e l ,  

(2)  s e l e c t i o n   means  a r r anged   to  s e l e c t   one  of  the  a l t e r n a t i v e   i n p u t  

channe ls   when  an  o u t p u t t i n g   p rocess   has  executed  a  message  i n s t r u c t i o n  

-   on  one  of  the  a l t e r n a t i v e   c h a n n e l s ,   and  

(3)  means  to  remove  from  the  a l t e r n a t i v e   channels   which  are  n o t  

s e l e c t e d   the  value  loaded  t h e r e i n   by  the  i n p u t t i n g   p r o c e s s .  

P r e f e r a b l y   the  means  for  de schedu l i ng   a  process   is  r e s p o n s i v e   to  t h e  

o p e r a t i o n   of  t e s t i n g   the  channe l s   to  deschedule   an  i n p u t t i n g   p r o c e s s  

i f ,   on  execu t ion   of  the  message  i n s t r u c t i o n   by  the  i n p u t t i n g   p r o c e s s ,  

none  of  the  a l t e r n a t i v e   channe l s   con ta in s   a  value  i n d i c a t i n g   t ha t   an 

o u t p u t t i n g   process   has  executed   a  message  i n s t r u c t i o n   using  t h a t  

c h a n n e l .  

P r e f e r a b l y   the  said  s chedu l ing   means  is  ar ranged  to  respond  t o  

execu t ion   of  a  message  i n s t r u c t i o n   by  an  o u t p u t t i n g   process   using  a 

channel  c o n t a i n i n g   a  value  i n d i c a t i n g   a  descheduled  i n p u t t i n g   p r o c e s s ,  
to  r e s c h e d u l e   the  i n p u t t i n g   p r o c e s s .   P r e f e r a b l y   the  s e l e c t i o n   means 

is  r e s p o n s i v e   to  deschedu l ing   of  an  i n p u t t i n g   process   to  d e l a y  

s e l e c t i o n   of  one  of  the  a l t e r n a t i v e   channels   unt i l   the  i n p u t t i n g  

process   has  been  r e s c h e d u l e d .  

In  one  embodiment  means  is  r e s p o n s i v e   to  execut ion   of  a  message 

i n s t r u c t i o n   to  input   through  one  of  a  p l u r a l i t y   of  a l t e r n a t i v e  

channels   to  s to re   in  a  memory  l o c a t i o n   a s s o c i a t e d   with  the  process  a 

f i r s t   specia l   value  i n d i c a t i n g   t h a t   the  process  has  commenced  an 

a l t e r n a t i v e   input   o p e r a t i o n .  



P r e f e r a b l y   the  said  means  for  t e s t i n g   the  c o n t e n t s   of  each  of  t h e  

a l t e r n a t i v e   channe ls   is  a r ranged   to  s t o r e   a  second  special   value  in  a 

memory  l o c a t i o n   a s s o c i a t e d   with  the  i n p u t t i n g   process   if  the  t e s t   o f  

any  one   of  the  channe l s   l o c a t e s   a  value  i n d i c a t i n g   that   an  o u t p u t t i n g  

p roces s   has  executed   a  message  i n s t r u c t i o n   using  t h a t   c h a n n e l .  

P r e f e r a b l y   means  are  provided  for  checking  the  c o n t e n t s   of  the  memory 

l o c a t i o n s   a s s o c i a t e d   with  the  process   and  to  deschedule   the  i n p u t t i n g  

p rocess   i f   said  second  spec ia l   value  is  not  l o c a t e d ,   said  means 

f u r t h e r   l o c a t i n g   t h i r d   and  four th   spec ia l   va lues   into  memory  l o c a t i o n s  

a s s o c i a t e d   with  the  p rocess   one  of  which  va lues   i n d i c a t e s   t h a t  t h e  

p rocess   is  deschedu led   to  i n d i c a t e   t h a t   the  p rocess   is  involved  in  an 

a l t e r n a t i v e   i n p u t t i n g   p rocess .   P r e f e r a b l y   sa id   s e l e c t i o n   means  i s  

a r r anged   to  t e s t   the  c o n t e n t s   of  each  of  sa id   a l t e r n a t i v e   channels   and  

to  s e l e c t   for  the  input   the  f i r s t   channel  t e s t e d   which  con ta in s   a 

value  i n d i c a t i n g   t h a t   an  o u t p u t t i n g   p rocess   has  executed  a  message  

i n s t r u c t i o n   using  t h a t   channel ,   said  s e l e c t i o n   means  being  a r ranged   t o  

remove  said  t h i r d   spec ia l   value  from  the  memory  l o c a t i o n   a s s o c i a t e d  

wi th   the  i n p u t t i n g   p rocess   whereby  the  s e l e c t i o n   means  does  not  s e l e c t  

any  f u r t h e r   channel  which  may  conta in   a  va lue   i n d i c a t i n g   t h a t   an  

o u t p u t t i n g   process   has  executed  a  message  i n s t r u c t i o n   using  t h a t  

channe l .   P r e f e r a b l y   means  r e s p o n s i v e   to  s e l e c t i o n   of  a  channel  t o  

s t o r e   in  a  memory  l o c a t i o n   a s s o c i a t e d   with  the  i n p u t t i n g   process   an 

o f f s e t   value  to  i n d i c a t e   an  o f f s e t   n e c e s s a r y   in  the  program  s e q u e n c e  
for  t h a t   process   when  t ha t   channel  is  s e l e c t e d .  

P r e f e r a b l y   s c h e d u l i n g   means  is  provided  for  adding  or  removing  a 

p roces s   from  one  of  a  p l u r a l i t y   of  c o l l e c t i o n s   of  processes   h a v i n g  

d i f f e r e n t   p r i o r i t y .  

I t   wi l l   be  unde r s tood   tha t   the  term  microcomputer   r e l a t e s   to  smal l  

s ize   computers   g e n e r a l l y   based  on  i n t e g r a t e d   c i r c u i t   devices  but  i t  

does  not  impose  any  l i m i t   on  how  small  a  computer  may  be.  



BRIEF  DESCRIPTION OF  THE  DRAWINGS 

An  embodiment  of  t h e  i n v e n t i o n   will  now  be  de sc r ibed   by  way  of  example  

and  with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

Figure  l ' i s   a  block  diagram  showing  the  main  f e a t u r e s   of  t h e  

m i c r o c o m p u t e r ,  

Figure  2  shows  f u r t h e r   de ta i l   in  block  diagram  form  of  part   of  t h e  

microcomputer  and  p a r t i c u l a r l y   i l l u s t r a t e s   the  r e g i s t e r s ,   data  p a t h s  

and  a r i t h m e t i c   log ic   un i t   of  the  c en t r a l   p r o c e s s i n g   unit  as  well  a s  

the  i n t e r f a c e   beteen  the  cen t r a l   p r o c e s s i n g   uni t   and  the  memory  and 

communication  l i n k s ,  

F i g u r e  3  i l l u s t r a t e s   the  r e l a t i o n s h i p   between  p rocessor   r e g i s t e r s   and 

the  workspaces  of  a  l i s t   o f  h igh   p r i o r i t y   p rocesses   for  execu t ion   by 

the  m i c r o c o m p u t e r ,  

Figure  4  is  s i m i l a r   to  Figure  3  but  i l l u s t r a t e s   a  l i s t   of  low  p r i o r i t y  

processes   while  a  high  p r i o r i t y   process   is  being  e x e c u t e d ,  

Figure  5  i l l u s t r a t e s   a  form  of  p o i n t e r   used  in  the  m i c r o c o m p u t e r ,  

Figure  6  i l l u s t r a t e s   a  form  of  process   d e s c r i p t o r   used  in  t h e  

m i c r o c o m p u t e r ,  

Figure  7  i l l u s t r a t e s   a  form  of  i n s t r u c t i o n   used  in  the  m i c r o c o m p u t e r ,  

Figure  8  i l l u s t r a t e s   the  format  of  a  data  packet   for  t r a n s m i s s i o n  

through  a  s e r i a l   l ink  between  two  m i c r o c o m p u t e r s ,  

Figure  9  i l l u s t r a t e s   the  format  of  an  acknowledge  packet  f o r  

t r a n s m i s s i o n   through  a  s e r i a l   l ink  between  two  m i c r o c o m p u t e r s ,  



Figure   10  i l l u s t r a t e s   four  s e r i a l   l inks   of  a  microcomputer   t o g e t h e r  

with  t h e i r   i n t e r f a c e   a r rangement   with  the  r e s t   of  the  m i c r o c o m p u t e r ,  

Figure   11  i l l u s t r a t e s   more  f u l l y   s i g n a l s   used  in  an  ou tput   channel  and 

an  input   channel  of  one  s e r i a l   l i n k ,  

Figure   12  shows  f u r t h e r   d e t a i l s   of  a  ou tpu t   channel  of  a  s e r i a l   l i n k ,  

Figure  13  shows  f u r t h e r   d e t a i l   of  an  i npu t   channel  of  a  s e r i a l   l i n k ,  

Figure   14  shows  a  l ink  i n t e r f a c e   for  connec t ing   ou tput   and  i n p u t  

channels   of  a  s e r i a l   l ink   to  i npu t   and  ou tput   t e r m i n a l s ,  

F igure   15  i l l u s t r a t e s   in  a  sequence  from  15(a)  to  15(e)  o p e r a t i o n s   f o r  

e f f e c t i n g   communication  between  two  p rocesses   on  one  m i c r o c o m p u t e r ,  

Figure   16  i l l u s t r a t e s   in  a  sequence  from  16(a)  to  16(f)  o p e r a t i o n s   f o r  

e f f e c t i n g   communication  via  s e r i a l   l i nks   between  two  p rocesses   o f  

s i m i l a r   p r i o r i t y   c a r r i e d   out  on  d i f f e r e n t   m i c r o c o m p u t e r s ,  

F igure   17  i l l u s t r a t e s   in  a  sequence  from  17(a)  to  17(f)  o p e r a t i o n s   f o r  

e f f e c t i n g   communication  via  s e r i a l   l inks   between  two  p rocesses   on 

d i f f e r e n t   microcomputers   in  which  the  i n p u t t i n g   process   s t a r t s   an 

" a l t e r n a t i v e   input"  before   t h e  o u t p u t t i n g   process   s t a r t s   to  o u t p u t ,  

Figure   18  i l l u s t r a t e s   in  a  sequence  from  18(a )   to  18(d)  o p e r a t i o n s   f o r  

e f f e c t i n g   communication  via  s e r i a l   l i nks   between  two  p rocesses   c a r r i e d  

out  on  d i f f e r e n t   microcomputers   in  which  an  o u t p u t t i n g   process   f i r s t  

s t a r t s   an  output   o p e r a t i o n   and  t h i s   is  fol lowed  by  an  i n p u t t i n g  

process   execut ing   an  " a l t e r n a t i v e   input"   o p e r a t i o n ,  

Figure   19  i l l u s t r a t e s   in  a  sequence  from  19(a)  to  19(g)  o p e r a t i o n s   f o r  

e f f e c t i n g   communication  between  two  p rocesses   on  the  same 

microcomputer   in  which  an  i n p u t t i n g   p roce s se s   commences  an 

" a l t e r n a t i v e   input"   o p e r a t i o n   b e f o r e  t h e   o u t p u t t i n g   process  commences 



an  ou tpu t   o p e r a t i o n   and  both  p roces se s   have  the  same  p r i o r i t y ,  

F igure   20  i l l u s t r a t e s   a  sequence  20(a)  to  20(c)  showing  r e l e v a n t  

r e g i s t e r   c o n t e n t s   when  a  low  p r i o r i t y   process   X  is  i n t e r r u p t e d   by  a 

high  p r i o r i t y   process   Y  involved  in  an  output   o p e r a t i o n   through  a 

s e r i a l   l i n k ,  

F igure   21  i l l u s t r a t e s   in  a  sequence  21(a)  to  21(c)  the  con ten t s   o f  

r e l e v a n t   r e g i s t e r s   during  communication  between  a  high  p r i o r i t y  

p roces s   X  e f f e c t i n g   " a l t e r n a t i v e   input"   and  a  low  p r i o r i t y   process   "Y" 

e f f e c t i n g   an  ou tput   o p e r a t i o n   on  the  same  microcomputer ,   and 

F igure   22  i l l u s t r a t e s   a  network  of  communicating  microcomputers   i n  

accordance   with  the  p r e s e n t   i n v e n t i o n ,   the  microcomputers   in  t h e  

n e t w o r k   having  d i f f e r e n t   w o r d l e n g t h s .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  microcomputer   de sc r i bed   in  t h i s   example  comprises   an  i n t e g r a t e d  

c i r c u i t   device  in  the  form  of  a  s ing le   s i l i c o n   chip  having  both  a 

p r o c e s s o r   and  memory  in  the  form  of  RAM  as  well  as  l inks   to  p e r m i t  

e x t e r n a l   communicat ion.   The  main  e lements   of  the  microcomputer   a r e  

i l l u s t r a t e d   in  F igure   1  on  a  s ing le   s i l i c o n   chip  11  using  p - w e l l  

complementary  MOS  t echnology .   A  cen t r a l   p r o c e s s i n g   uni t   (CPU)  12  i s  

p rov ided   with  some  r ead -on ly   memory  (ROM)  13  and  is  coupled  to  a 

memory  i n t e r f a c e   14  c o n t r o l l e d   by  i n t e r f a c e   con t ro l   logic  15.  The  CPU 

12  i n c o r p o r a t e s   an  a r i t h m e t i c   logic   un i t   (ALU),  r e g i s t e r s   and  d a t a  

paths  i l l u s t r a t e d   more  f u l l y   in  Figure  2.  The  CPU  12  and  memory 

i n t e r f a c e   14  are  connected  to  a  bus  16  which  p rov ides   i n t e r c o n n e c t i o n  

between  the  e lements   on  the  chip  11.  A  s e rv i ce   system  17  is  p r o v i d e d  

with  a  p l u r a l i t y   of  input   pins  18.  The  microcomputer   is  provided  w i th  

a  random  access  memory  (RAM)  19  and  ROM  20  and  the  amount  of  memory  on 

the  chip  is  not  l e s s   than  1  K  byte  so  t h a t   the  p roce s so r   12  can  be 

ope ra t ed   wi thout   ex t e rna l   memory.  P r e f e r a b l y   the  memory  on  the  c h i p  

is  at  l e a s t   4  K  by tes .   An  ex te rna l   memory  i n t e r f a c e   23  is  p r o v i d e d  



and  connected   to  a  p l u r a l i t y   of  pins  24  for  connec t ion   to  an  o p t i o n a l  

e x t e r n a l   memory.  To  allow  the  mic rocompute r   to  be  l inked  to  o t h e r  

computers  to  form  a  network,  a  p l u r a l i t y   of  s e r i a l   l inks   25  a r e  

provided  having  input   and  output   pins  26  and  27  r e s p e c t i v e l y .   The 

inpu t   and  ou tpu t   pins  of  one  s e r i a l   l ink   may  each  be  connected  by  i t s  

own  s i ng l e   wire  non-shared   u n i d i r e c t i o n a l   c o n n e c t i o n   to  t h e  

c o r r e s p o n d i n g   output   and  input   pins  of  a  s e r i a l   l ink  on  a n o t h e r  

microcomputer   as  shown  in  Figure  22.  Each  s e r i a l   l ink  is  connected  t o  

a  s y n c h r o n i s a t i o n   log ic   un i t   10  compr i s ing   p rocess   schedul ing   l o g i c .  

The  block  diagram  shown  in  Figure  1  c o r r e s p o n d s   to  t ha t   inc luded  i n  

European  Pa t en t   A p p l i c a t i o n   No  83307078.2,   J apanese   Pa tent   A p p l i c a t i o n  

No  221455/1983  and  US  Pa ten t   A p p l i c a t i o n s   Nos  552601,  552602,  553027,  

553028  and  553029.  To  avoid  unnecessa ry   r e p e t i t i o n   of  d e s c r i p t i o n ,  

the  ful l   d e t a i l s   of  the  c o n s t r u c t i o n   and  o p e r a t i o n   of  t h a t  

microcomputer   will  not  be  set  out  below  but  the  d e s c r i p t i o n   in  t h e  

above  ment ioned  p a t e n t   a p p l i c a t i o n s   is  hereby  i n c o r p o r a t e d   herein  by 

r e f e r e n c e .  

The  p r e sen t   embodiment  provides   an  improved  form  of  T ranspu te r   (T rade  

Mark  of  INMOS  I n t e r n a t i o n a l   plc)  mic rocompute r .   In  the  p a r t i c u l a r  

embodiment  de sc r i bed   in  the  above  ment ioned  pa t en t   a p p l i c a t i o n s ,   a l l  

p r o c e s s e s   were  t r e a t e d   as  having  equal  p r i o r i t y .   Messages 

communicated  between  one  process   and  a n o t h e r   had  a  uniform  message  

l eng th   between  s u c c e s s i v e   synch ron i s i ng   o p e r a t i o n s   and  in  the  example  

d e s c r i b e d   the  message  length   was  one  word.  If  a  process   was  r e q u i r e d  

to  i n p u t   from  one  of  a  number  of  a l t e r n a t i v e   input   channels  i t   was 

n e c e s s a r y   for  the  process   to  remain  s c h e d u l e d   in  order   to  t e s t   t h o s e  

channe l s   un t i l   an  o u t p u t t i n g   process  commenced  an  output   opera t ion   o f  

one  of  the  p o s s i b l e   c h a n n e l s .  

The  p r e s e n t   embodiment  is  an  improvement  in  t h a t   i t   permits   d i f f e r e n t  

p r i o r i t y   a l l o c a t i o n   to  d i f f e r e n t   p r o c e s s e s .   It   permits   v a r i a b l e  

l eng th   message  communication  between  p r o c e s s e s ,   each  message 

c o n s i s t i n g   of  one  or  more  uni ts   of  s t anda rd   b i t   length  such  as  a 



byte.   Fu r the rmore   i t   permits   an  i n p u t t i n g   process   to  input   from  one 

of  a  number  of  a l t e r n a t i v e   input   channe l s   wi thout   the  need  to  r emain  

scheduled   while  awai t ing   an  o u t p u t t i n g   p r o c e s s .  

The  ove ra l l   a r rangement   of  the  microcomputer   is  gene ra l l y   s i m i l a r   t o  

t ha t   d e s c r i b e d   in  the  above  mentioned  pa t en t   a p p l i c a t i o n s .   In  t h e  

fo l lowing   d e s c r i p t i o n   s i m i l a r   names  will  be  given  to  those  p a r t s  

c o r r e s p o n d i n g   to  the  embodiment  in  the  above  mentioned  p a t e n t  

a p p l i c a t i o n s .   The  memory  p rov ides   a  p l u r a l i t y   of  process   workspaces  

having  a d d r e s s a b l e   l o c a t i o n s   which  can  be  i n d i c a t e d   by  p o i n t e r s .  

Message  communicat ion  can  be  e f f e c t e d   through  an  a d d r e s s a b l e   memory 

l o c a t i o n   ( he r e in   c a l l e d   a  sof t   channel )   in  the  case  of  process   t o  

p rocess   communicat ion  on  the  same  microcomputer .   To  e f f e c t   p rocess   t o  

process   communicat ion  between  d i f f e r e n t   microcomputers   input   and 

ou tpu t   channe l s   ( he r e in   ca l l ed   hard  channe l s )   are  provided  in  s e r i a l  

l inks   and  these   channe ls   may  also  be  addressed   in  a  manner  s i m i l a r   t o  

the  so f t   channe l s   provided  in  the  memory. 

In  order   to  implement  the  improvements  d i s cus sed   above,  v a r i o u s  

m o d i f i c a t i o n s   in  the  c o n s t r u c t i o n   and  o p e r a t i o n   of  the  m i c r o c o m p u t e r  

are  necessa ry   and  the  fo l lowing   d e s c r i p t i o n   will  be  d i r e c t e d   to  t h o s e  

a s p e c t s   where  m o d i f i c a t i o n s   are  invo lved   in  order   to  e f f e c t   t h o s e  

i m p r o v e m e n t s .  

As  in  the  example  of  the  above  mentioned  p a t e n t   a p p l i c a t i o n s ,   t h e  

- p a r t i c u l a r   w o r d t e n g t h o f  t h e   example  d e s c r i b e d   is  16  b i t s   but  i t   w i l l  

be  unders tood   t h a t   o ther   word lengths   such  as  8,  16,  24,  32  or  o t h e r  

word leng ths   may  be  used.  Fu r the rmore ,   in  the  p r e s e n t   case  d i f f e r e n t  

wordlength   microcomputers   can  be  connec ted   in  the  same  network  so  t h a t  

they  may  communicate  with  each  o ther   r e g a r d l e s s   of  t h e i r   i n d e p e n d e n t  

w o r d l e n g t h .  

In  th i s   example  message  communication  on  the  same  microcomputer   o r  

between  d i f f e r e n t   microcomputers   is  e f f e c t e d   by  t r a n s m i t t i n g   one  o r  

more  message  un i t s   of  s tandard   b i t   l eng th   and  in  th i s   example  e ach  



message  uni t   c o n s i s t s   of  8  b i t s   the reby   forming  1  byte.  This  means 

t h a t   i t   is  necessary   to  be  able  to  i d e n t i f y   a  byte  in  memory.  The 

p r o c e s s o r   accesses   the  memory  in  words  and  all   byte  ope ra t i ons   a r e  

performed  by  the  p r o c e s s o r .   As  shown  in  Figure   5;  a - p o i n t e r   is  a 

s i n g l e   word  of  data  (in  t h i s   p a r t i c u l a r   example  16  b i t s ) .   The  l e a s t  

s i g n i f i c a n t   bi t   acts  as  a  byte  s e l e c t o r   and  the  most  s i g n i f i c a n t   15 

b i t s   provide  a  word  add re s s .   The  number of   b i t s  n e e d e d   to  r e p r e s e n t  

the  byte  s e l e c t o r   depends  on  the  word  l ength   of  the  microcomputer .   In  

the  case  of  a  16  b i t   machine,   only  1  b i t   is  needed  as  a  b y t e  

s e l e c t o r .   It  will  however  be  under s tood   t h a t   the  byte  s e l e c t o r   w i l l  

need  two  b i t s   for  a  24  or  3 2  b i t   microcomputer   and  4  b i ts   for  an  80 

b i t   microcomputer .   Where  a  p o i n t e r   is  used  to  i d e n t i f y   a  word  r a t h e r  

than  a  byte,   a  p o i n t e r   to  the  l e a s t   s i g n i f i c a n t   byte  in  tha t   word  i s  

u s e d .  

The  p o i n t e r   is  t r e a t e d   as  a  two's   complement  s igned  value.   That  means 

t h a t   if  the  most  s i g n i f i c a n t   b i t   in  the  p o i n t e r   is  a  1  the  most  

s i g n f i c a n t   b i t   is  taken  as  nega t i ve   with  all  the  remaining  b i t s  

r e p r e s e n t i n g   p o s i t i v e   numbers.  If  the  most  s i g n i f i c a n t   b i t   is  0  t h e n  

all  b i t s   in  the  p o i n t e r   are  taken  as  r e p r e s e n t i n g   p o s i t i v e   v a l u e s .  

This  enables   the  s t andard   comparison  f u n c t i o n s   to  be  used  on  p o i n t e r  

va lues   in  the  same  way  t h a t   they  are  used  on  numerical  v a l u e s .  

C e r t a i n   values  are  never  used  as  p o i n t e r s   as  they  are  r e se rved   t o  

i n d i c a t e   tha t   some  spec ia l   a c t i o n   is  r e q u i r e d   p a r t i c u l a r l y   r e l a t i n g   t o  

the  s t a t e   of  the  communication  c h a n n e l s .  

In  the  fo l lowing  d e s c r i p t i o n ,   names  are  used  to  r e p r e s e n t   these  and 

o ther   values  as  f o l l o w s :  



As  in  the  example  of  the  above  mentioned  pa t en t   a p p l i c a t i o n s ,   each  

process   may  have  a  workspace  c o n s i s t i n g   of  a  vec tor   of  words  in  memory 
used  to  hold  the  local   v a r i a b l e s   and  temporary   values  manipu la ted   by 

the  p rocess .   A  workspace  p o i n t e r   WPTR  is  used  to  point   to  a  s e t  

l o c a t i o n   f o r  t h e  p r o c e s s   workspace.   As  the  workspace  of  each  p r o c e s s  
c o n s i s t s   of  a  number  of  words,  i t   is  not  necessa ry   to  i n c o r p o r a t e   t h e  

byte  s e l e c t o r .   It   is  t h e r e f o r e   pos s ib l e   to  use  the  byte  s e l e c t o r   b i t s  

to  r e p r e s e n t   the  p r i o r i t y   of  the  p rocess .   In  th i s   way  each  p r o c e s s  

can  be  i d e n t i f i e d   by  a  "process   d e s c r i p t o r "   of  the  type  shown  i n  

Figure  6.  The  l e a s t   s i g n i f i c a n t   b i t   i n d i c a t e s   the  p r i o r i t y   of  t h e  

process   and  the  most  s i g n i f i c a n t   15  b i t s   i n d i c a t e   the  word  in  memory 

i d e n t i f y i n g   the  p rocess   workspace.   In  the  p r e sen t   example  t h e  

microcomputer   a l l o c a t e s   one  o f   two  p o s s i b l e   p r i o r i t i e s   to  each  

p rocess .   A  high  p r i o r i t y   process   is  given  t h e  d e s i g n a t i o n   Pri  =  0  and 

a  low  p r i o r i t y   p rocess   has  a  d e s i g n a t i o n   Pri  =  1.  It   can  t h e r e f o r e   be  

seen  tha t   each  p rocess   d e s c r i p t o r   comprises   a  s ing le   word  which  i s  

formed  by  t ak ing   the  " b i t w i s e   OR"  of  the  workspace  p o i n t e r   WPTR  and 

the  process   p r i o r i t y   Pr i .   S i m i l a r l y   the  workspace  p o i n t e r   WPTR  can  be 

ob ta ined   from  a  p rocess   d e s c r i p t o r   by  forming  the  "b i tw i se   ANDN  of  t h e  

process   d e s c r i p t o r   and  NOT  1.  The  p r i o r i t y   of  the  process   can  be 

ob ta ined   by  forming  the  " b i t w i s e   AND"  of  the  process   d e s c r i p t o r   and  1 .  

CPU  Data  Paths  and  R e g i s t e r s  

The  cen t r a l   p r o c e s s i n g   uni t   12  and  i t s   o p e r a t i o n   will  be  more  f u l l y  



unders tood   with  r e f e r e n c e   to  Figure  2 .  

The  CPU  12  i n c l u d e s   an  a r i t h m e t i c   logic   uni t   (ALU)  30  and  a  p l u r a l i t y  

of  data  r e g i s t e r s   connec ted   to  an  X  bus,  Y  bus,  Z  bus  and 

b i d i r e c t i o n a l   data  bus  31.  The  ope ra t i on   of  the  r e g i s t e r s   and  t h e i r  

i n t e r c o n n e c t i o n s   with  the  buses  is  c o n t r o l l e d   by  a  p l u r a l i t y   o f  

swi tches   d i a g r a m m a t i c a l l y   r e p r e s e n t e d   at  32  and  c o n t r o l l e d   by  s i g n a l s  

de r ived   from  a  m i c r o i n s t r u c t i o n   program  c o n t a i n e d   in  the  ROM  13.  

Communication  between  the  CPU  and  the  memory  is  e f f e c t e d   via  a 

u n i d i r e c t i o n a l   address   path  33  l e ad ing   to  the  memory  i n t e r f a c e   14  a s  

well  as  the  data  bus  31 .  

As  in  the  above  ment ioned  pa t en t   a p p l i c a t i o n s ,   each  i n s t r u c t i o n  

c o n s i s t s   of  8  b i t s   having  the  format  shown  in  Figure  7.  4  b i t s  

r e p r e s e n t   the  r e q u i r e d   func t ion   of  the  i n s t r u c t i o n   and  4  b i t s   a r e  

a l l o c a t e d   for  data .   Each  i n s t r u c t i o n   der ived   from  the  program 

sequence  for  the  p rocess   is  fed  to  an  i n s t r u c t i o n   bu f fe r   34  and  t h e  

i n s t r u c t i o n   is  decoded  by  a  decoder  35.  The  ou tpu t   of  the  decoder  i s  

fed  through  a  c o n d i t i o n   m u l t i p l e x o r   36  to  a  m i c r o i n s t r u c t i o n   r e g i s t e r  

37  used  for  a d d r e s s i n g   the  m i c r o i n s t r u c t i o n   ROM  13.  The  o p e r a t i o n   o f  

the  i n s t r u c t i o n   b u f f e r   34,  decoder  35,  c o n d i t i o n   m u l t i p l e x o r   36,  MIR 

37,  m i c r o i n s t r u c t i o n   ROM  13  and  swi tches   32  are  g e n e r a l l y   as  d e s c r i b e d  

i n  t h e  a b o v e   ment ioned  p a t e n t   a p p l i c a t i o n s .  

As  the  p r e s e n t   embodiment  is  a r ranged   to  deal  with  two  sets  o f  

p r o c e s s e s ,   those  with  p r i o r i t y   0  and  those  with  p r i o r i t y   1,  two 

r e g i s t e r   banks  a r e  p r o v i d e d .  R e g i s t e r   bank  38  is  provided  for  t h e  

p r i o r i t y   1  p r o c e s s e s   and  a  s i m i l a r   r e g i s t e r   bank  39  is  provided  f o r  

the  high  p r i o r i t y   0  p r o c e s s e s .   Both  r e g i s t e r   banks  have  a  s i m i l a r   s e t  

of  r e g i s t e r s   s i m i l a r l y   connected  to  the  X,  Y,  Z  and  data  buses.   Fo r  

s i m p l i c i t y ,   the  r e g i s t e r s   and  t h e i r   c o n n e c t i o n s   have  only  been  shown 

in  d e t a i l   for   r e g i s t e r   bank  38.  In  a d d i t i o n   to  the  two  r e g i s t e r   banks  

a l l o c a t e d   to  s p e c i f i c   p r i o r i t i e s ,   the  CPU  i nc ludes   a  cons t an t s   box  4 0 ,  

a  r e g i s t e r   bank  s e l e c t o r   41  and  a  number  of  o ther   r e g i s t e r s   i n d i c a t e d  

in  F igure   2  which  are  common  to  both  p r i o r i t y   0  and  p r i o r i t y   1 



p r o c e s s e s .   The  r e g i s t e r s   are  as  f o l l o w s : -  





The  bank  of  r e g i s t e r s   39  for  p r i o r i t y   0  p roce s se s   is  the  same  as  t h a t  

a l r eady   desc r ibed   for  p r i o r i t y   1  p r o c e s s e s .   In  the  d e s c r i p t i o n   t h a t  

fo l lows  the  su f f ix   [1]  i n d i c a t e s   a  r e g i s t e r   r e l e v a n t   to  the  p r i o r i t y   1 

bank  and  the  s u f f i x   [0]  i n d i c a t e s   tha t   the  r e g i s t e r   r e l a t e s   to  t h e  

p r i o r i t y   0  bank.  Where  the  p r i o r i t y   is  not  known  the  su f f i x   [ P r i l  

i n d i c a t e s   tha t   a  r e g i s t e r   of  a p p r o p r i a t e   p r i o r i t y   to  the  process   i s  

u s e d .  

The  r e g i s t e r s   are  g e n e r a l l y   of  word  length   which  in  th i s   case  is  16 

b i t s   apa r t   from  the  1  b i t   f l ags   47,  48,  58  and  59.  The  i n s t r u c t i o n  

b u f f e r   may  be  of  8  b i t   l eng th   if  a r ranged  to  hold  only  1  i n s t r u c t i o n  

at  a  t ime.  The  A,  B and  C  r e g i s t e r   stack  54,  55  and  56  are  t h e  

sources   and  d e s t i n a t i o n s   for  most  a r i t h m e t i c   and  l og ica l   o p e r a t i o n s .  

They  are  o rgan ised   as  a  s tack  so  tha t   the  loading   of  a  value  into  t h e  

A  r e g i s t e r   i s  p r e c e d e d   by  r e l o c a t i n g   the  e x i s t i n g   con ten t s   of  the  B 

r e g i s t e r   into  the  C  r e g i s t e r   and  from  the  A  r e g i s t e r   into  the  B 

r e g i s t e r .   S i m i l a r l y   s t o r i n g   a  value  de r ived   from  the  A  r e g i s t e r  

causes  the  con ten t s   of  the  B  r e g i s t e r   to  be  moved  in to   the  A  r e g i s t e r  

and  the  con ten t s   of  the  C  r e g i s t e r   into  the  B  r e g i s t e r .  

The  TREG  49  is  a v a i l a b l e   to  hold  temporary  values  during  the  e x e c u t i o n  

of  all  i n s t r u c t i o n s   a p a r t   from  c e r t a i n   communication  i n s t r u c t i o n s  

which  r equ i r e   copying  of  blocks  of  data  and  in  t h a t   case  the  TREG  49 

is  used  to  i n d i c a t e   the  a c t i on   to  be  performed  when  the  copying  of  t h e  

block  of  data  is  c o m p l e t e d .  

The  OREG  57  of  both  r e g i s t e r  b a n k s   38  and  39  are  connected  to  t h e  

decoder  35  so  tha t   for  both  p r i o r i t y   p roces se s   t h a t   par t   of  t h e  

i n s t r u c t i o n   which  is  fed  into  the  0  r e g i s t e r   reaches   the  decoder  f o r  

use  in  gene ra t ing   a p p r o p r i a t e   m i c r o i n s t r u c t i o n s .   The  SNP  FLAG  58  and  

COPY  FLAG  59  of  both  p r i o r i t y   banks  are  also  connected  to  t h e  

c o n d i t i o n   m u l t i p l e x o r   36  so  t ha t   the  m i c r o i n s t r u c t i o n s   can  take  i n t o  

account  the  s e t t i n g   of  these   f lags   for  e i t h e r   p r i o r i t y   process  i n  

de te rmin ing   the  next  ac t ion   to  be  e f f e c t e d   by  the  p rocessor   at  any 

t i m e .  



As  the  workspace  p o i n t e r   (WPTR)  of  a  process  is  used  as  a  base  from 

which  local   v a r i a b l e s   of  the  process   can  be  a d d r e s s e d ,   i t   is  somet imes 

neces sa ry   to  c a l c u l a t e   o f f s e t   values  from  the  l o c a t i o n   i n d i c a t e d   by 
the  workspace  p o i n t e r .   The  c o n s t a n t s   box  40  is  connec ted   to  the  Y  bus 

and  enab les   c o n s t a n t   values  to  be  placed  on  t ha t   bus  under   the  c o n t r o l  

of  the  m i c r o i n s t r u c t i o n   ROM  13.  These  can  be  used  in  p o i n t i n g   t o  

o f f s e t   l o c a t i o n s   in  a  process   workspace.  In  o rder   to  e f f e c t   s e l e c t i o n  

of  one  or  o the r   of  the  r e g i s t e r   banks  38  or  39,  the  r e g i s t e r   bank 

s e l e c t o r   41  has  inputs   from  the  PRI  FLAG  47,  the  PROCPRI  FLAG  4 8  a n d  

the  m i c r o i n s t r u c t i o n   ROM  13.  The  output   from  the  r e g i s t e r   bank 

s e l e c t o r   is  connected   to  the  cond i t ion   m u l t i p l e x o r   36,  to  the  d e c o d e r  

35  and  to  the  swi tches   32.  Depending  on  the  ou tpu t   of  t h e  

m i c r o i n s t r u c t i o n   ROM  13,  the  s e l e c t o r   will   chose  the  r e g i s t e r   bank 

i n d i c a t e d   by  the  PRI  FLAG  47  or  the  PROCPRI  FLAG  4 8 .  

Memory  A l l o c a t i o n   for  Process   Workspaces 

As  in  the  example  d e s c r i b e d   in  the  above  mentioned  p a t e n t  

a p p l i c a t i o n s ,   the  microcomputer   c a r r i e s   out  a  number  of  p r o c e s s e s  

t o g e t h e r   s h a r i n g   i t s   time  between  them.  P rocesses   which  are  c a r r i e d  

out  t o g e t h e r   are  c a l l e d   c o n c u r r e n t   p rocesses   and  at  any  one  time  t h e  

p rocess   which  is  being  executed  is  c a l l ed   the  c u r r e n t   p r o c e s s .   Each 

c o n c u r r e n t   p rocess   has  a  region  of  memory  c a l l e d   a  workspace  f o r  

hold ing   the  local   v a r i a b l e s   and  temporary  values  m a n i p u l a t e d   by  t h e  

p r o c e s s .   The  address   of  the  f i r s t   local  v a r i a b l e   of  the  workspace  i s  

i n d i c a t e d   by  the  workspace  p o i n t e r   (WPTR).  This  is  i n d i c a t e d   i n  

Figure   3  where  four  c o n c u r r e n t   p r o c e s s e s ,   Process   L,  M,  N and  0  have 

workspaces   60,  61,  62  and  63.  The  workspace  60  has  been  shown  in  more 

d e t a i l   and  the  workspace  p o i n t e r   held  in  the  WPTR  REG  51  po in t s   to  t h e  

zero  l o c a t i o n   which  is  a  s i ng l e   word  l o c a t i o n   having  the  a d d r e s s  

i n d i c a t e d   in  th i s   example  as  10000.  The  o ther   loca l   v a r i a b l e s   f o r  

t h i s   p roces s   are  addressed   as  p o s i t i v e   o f f s e t   a d d r e s s e s   from  the  word 

i n d i c a t e d   by  the  workspace  p o i n t e r .   Some  of  the  workspace  l o c a t i o n s  

with  small  nega t i ve   o f f s e t s   from  the  zero  l o c a t i o n   are  used  f o r  

s c h e d u l i n g   and  communicat ion  purposes .   In  th i s   example  t h r e e  



a d d i t i o n a l   word  l o c a t i o n s   65,  66  and  67  are  shown  having  n e g a t i v e  

o f f s e t s   of  1,  2  and  3  r e s p e c t i v e l y   below  the  zero  l oca t i on   i n d i c a t e d  

by  the  WPTR.  These  t h r e e   l o c a t i o n s   are  as  f o l l o w s : -  

Locat ion  65  is  used  when  a  process  is  not  the  c u r r e n t   process  to  h o l d  

a  p o i n t e r   (IPTR)  to  the  next  i n s t r u c t i o n   to  be  executed  by  the  p r o c e s s  
when  i t   becomes  the  c u r r e n t   p rocess .   Loca t ion   66  is  used  to  s to re   a  

workspace  p o i n t e r   of  a  next  process   on  a  l ink  l i s t   or  queue  o f  

p rocesses   awai t ing   execu t ion .   Locat ion   67  is  normally  used  to  c o n t a i n  

an  i n d i c a t i o n   of  the  s t a t e   of  a  p rocess   per forming   an  a l t e r n a t i v e  

input   o p e r a t i o n   or  as  a  po in t e r   for  copying  of  a  block  of  data .   T h i s  

will  be  d e s c r i b e d   more  fu l ly   be low.  

The  memory  also  provides   word  l o c a t i o n s   for  process   to  p r o c e s s  

communication  and  Figure   3  i n d i c a t e s   such  a  so f t   channel  70.  

In  a d d i t i o n   to  communication  through  s o f t   channe ls   provided  by  a 

s i ng l e   word  in   memory,  ex te rna l   communicat ion  may  occur  through  t h e  

s e r i a l   l i n k s .  

Ser ia l   L i n k s  

As  d e s c r i b e d   in  the  above  mentioned  p a t e n t   a p p l i c a t i o n ,   data  i s  

t r a n s m i t t e d   from  one  microcomputer   to  a n o t h e r  i n   the  form  of  d a t a  

packets   having  a  p rede te rmined   p r o t o c o l .   The  r e c e i p t   of  data  i s  

i n d i c a t e d   by  the  t r a n s m i s s i o n   of  an  acknowledge  packet .   In  t h i s  

p a r t i c u l a r   example,  data  is  t r a n s m i t t e d   in  the  form  of  p a c k e t  

i l l u s t r a t e d   in  Figure  8.  Each  packet   c o n s i s t s   of  a  s tandard   unit   o f  

data  which  in  t h i s   case  c o n s i s t s   of  1  byte  (8  b i t s ) .   The  data  p a c k e t  



commences  with  2  s t a r t   b i t s   each  of  1  fo l lowed  by  the  byte  of  data  ana  

t e r m i n a t i n g   with  a  stop  b i t   of  0.  After   t r a n s m i s s i o n   of  each  p a c k e t  

as  shown  in  Figure  8,  the  input   channel  of  a  s e r i a l   l i nk   which 

r e c e i v e s   the  packet  is  a r ranged   to  s ignal   to  i t s   a s s o c i a t e d   o u t p u t  

channel  to  t r a n s m i t   an  acknowledge  packet   of  the  type  shown  in  F i g u r e  

9.  This  is  merely  a  2  b i t   packet   s t a r t i n g   with  a  1  and  t e r m i n a t i n g  

with  a  0.  The  i n s t r u c t i o n s   execu ted   by  a  p rocess   to  send  or  r e c e i v e  

data  may  r equ i re   t h a t   more  than  one  such  packet   of  data  is  involved  i n  

the  message  t r a n s m i s s i o n   and  c o n s e q u e n t l y   the  i n s t r u c t i o n   may  i n d i c a t e  

how  many  s tandard   u n i t s   or  bytes   of  data  are  to  be  t r a n s m i t t e d   i n  

order   to  complete  the  message  r e q u i r e d   by  the  i n s t r u c t i o n .   The 

s t r u c t u r e   of  the  l i n k s   is  shown  more  f u l l y   in  F igures   10  to  14.  I n  

the  examples  shown  in  F igu re s   10  for  s e r i a l   l i nks   70,  71,  72  and  73 

are  shown  each  having  an  input   pin  26  and  an  output   pin  27.  Each  l i n k  

is  connected  by  p a r a l l e l   buses  75  and  76  to  the  memory  i n t e r f a c e   14.  

The  l inks   are  also  connec ted   to  the  i n t e r f a c e   cont ro l   logic   15  by 

l i n e s   77  and  78  which  provide   read  r e q u e s t   and  wr i te   r eques t   s i g n a l s  

r e s p e c t i v e l y   to  the  i n t e r f a c e   con t ro l   l o g i c .   The  control   logic   15  i s  

a r ranged   to  provide  a  "DATA  VALID"  s ignal   to  the  l inks   on  a  l ine   79 .  

Each  of  the  l inks   is  a r ranged   to  provide  a  s t a t u s   output   signal  on 

l i ne   80  to  the  c o n d i t i o n   m u l t i p l e x o r   36  of  Figure  2.  The  Z  bus  i s  

a l so   connected  to  each  of  the  l i n k s   70  to  73  and  the  Z  bus  i s  

connected   via  l ine   81  to  the  sync  log ic   10.  A  l ine   82  provides   an 

ou tpu t   from  the  m i c r o i n s t r u c t i o n   ROM  13  to  the  sync  logic  10  and  l i n e s  

83  provide  an  ou tput   from  the  sync  log ic   10  to  the  c o n d i t i o n  

m u l t i p l e x o r   36.  Lines  84  connec t   each  of  the  l i nks   to  the  sync  l o g i c  

10  for  ca r ry ing   r e q u e s t   s i g n a l s   from  the  l i n k s   when  the  l i nks   i n d i c a t e  

a  r e q u e s t   for  ac t ion   by  the  p r o c e s s o r .   A  l i ne   85  connects   t h e  

m i c r o i n s t r u c t i o n   ROM  13  to  each  of  the  l i n k s   in  order  to  p r o v i d e  

r e q u e s t   s i g n a l s   to  the  l i nks   from  the  p r o c e s s o r .  

F igure   11  shows  more  d e t a i l   of  one  l ink .   The  l ink  has  an  o u t p u t  

channel  90  and  an  i npu t   channel  91.  Both  are  connected  to  a  l i n k  

i n t e r f a c e   92  which  is  shown  more  f u l l y   in  Figure  14.  The  l i n k  

i n t e r f a c e   92  is  connec ted   to  the  input   pin  26  and  output   pin  27 



and  a r r anged   to  r ece ive   or  t r a n s m i t   data  and  acknowledge  packets   as  

p r e v i o u s l y   d e s c r i b e d   with  r e f e rence   to  F igures   8  and  9.  The  o u t p u t  

channel  90,  inpu t   channel  91  and  link  i n t e r f a c e   92  are  all  s u p p l i e d  

with  clock  pu l ses   93  from  a  common  clock.   The  output   channel  90  i s  

a r ranged   to  r ece ive   from  the  l ink  i n t e r f a c e   an  OUTPUT  ACK  s ignal   94 

and  to  supply  to  the  link  i n t e r f a c e   an  OUTPUT  DATA  signal  on  bus  95 

and  an  OUTPUT  DATA  VALID  signal  on  l ine   96.  S i m i l a r l y   the  i n p u t  

channel  is  a r ranged   to  rece ive   from  the  l ink  i n t e r f a c e   92  INPUT  DATA 

on  l ine   97,  and  INPUT  DATA  VALID  signal   on  l ine   98  and  to  send  to  t h e  

l ink  i n t e r f a c e   an  INPUT  ACK  signal  on  l ine   99.  

A  r e s e t   l i ne   101  is  connected  to  the  output   channel  90,  the  i n p u t  

channel  91  and  the  l ink  i n t e r f a c e   92.  

The  ou tpu t   channel  90  is  a r ranged  to  output   a  p r ede t e rmined   number  o f  

bytes  of  data  from  a  s p e c i f i e d   memory  l o c a t i o n   by  making  read  r e q u e s t s  

on  l ine   77  for  data  to  be  copied  from  addresses   given  on  bus  76.  The 

data  is  s u p p l i e d   to  the  channel  on  p a r a l l e l   bus  75  t o g e t h e r   with  an 

OUTPUT  DATA  VALID  s ignal   on  l ine   79.  

S i m i l a r l y   the  input   channel  91  is  able  to  cause  a  s p e c i f i e d   number  o f  

bytes   of  data  to  be  w r i t t e n   into  memory  at  a  s p e c i f i e d   d e s t i n a t i o n  

address   by  g e n e r a t i n g   wri te   r eques t s   on  l ine   78  at  memory  a d d r e s s e s  

given  on  bus  76.  The  data  is  output   to  the  memory  on  t h e  p a r a l l e l   bus 

75 .  

In  order   to  communicate  with  the  p r o c e s s o r ,   both  channels   90  and  91 

are  connected   to  the  Z  bus.  The  m i c r o i n s t r u c t i o n   ROM  13  may  make  an 

OUTPUT  REQUEST  on  l ine   85a  to  the  output   channel  90.  In  the  case  o f  

the  input   channel  91  the  m i c r o i n s t r u c t i o n   ROM  13  may  provide  t h r e e  

d i f f e r e n t   s i g n a l s   on  the  bus  85.  It  may  make  an  INPUT  REQUEST  85b  o r  

an  ENABLE  s ignal   85c  or  a  STATUS  ENQUIRY  85d.  The  bus  84  l ead ing   t o  

the  sync  log ic   10  may  carry  an  OUTPUT  RUN  REQUEST  84b  and  an  OUTPUT 

PRIORITY  s ignal   84a  from  the  output   channel  90.  The  bus  84  may  c a r r y  

an  INPUT  READY  REQUEST  84c  with  an  INPUT  PRIORITY  signal   84d  or  an 

INPUT  RUN  REQUEST  84e  with  an  INPUT  PRIORITY  signal   from  the  i n p u t  

channel  91  to  the  sync  logic   10.  



The  input   channel  91  a l so   p rov ides   a  STATUS  OUT  signal   on  l ine   80 .  

The  f u n c t i o n   of  these   s i g n a l s   will   be  exp la ined   more  fu l ly   l a t e r .  

Figure  12  shows  f u r t h e r   d e t a i l   of  the  output   channel  90.  The  Z  bus  i s  

connected  to  a  p r i o r i t y   r e g i s t e r   110  used  to  i n d i c a t e   the  p r i o r i t y   o f  

the  process   using  the  channe l .   The  Z  bus  is  also  connected  to  a  b y t e  

counte r   111  and  a  p o i n t e r   r e g i s t e r   112  used  to  con ta in   the  address   o f  

the  source  of  data  to  be  i n d i c a t e d   on  bus  76.  The  channel  a l s o  

i nc ludes   a  t r a n s f e r   s t a t e   machine  113.  The  s t a t e   machines  in  t h e  

s e r i a l   l i nks   each  c o n s i s t   of  a  s t a t e   r e g i s t e r   to  hold  the  c u r r e n t  

s t a t e   of  the  machine  and  a  programmable  log ic   ar ray  which  responds  t o  

the  value  of  the  s t a t e   r e g i s t e r   and  va r ious   input   s igna l s   to  the  s t a t e  

machine  in  order  to  produce  a  p r ede t e rmined   p a t t e r n   of  output   s i g n a l s  

and  a  new  value  for  the  s t a t e   r e g i s t e r .  

The  s t a t e   machine  113  has  four  i n p u t s .   These  are  output   r e q u e s t   on 

l ine   85a,  r e s e t   on  l i ne   101,  output   ack  on  l ine   94  and  count  zero  on 

l ine   114.  At  the  beg inn ing   of  a  message  output   the  byte  c o u n t e r  

r e g i s t e r   111  i n d i c a t e s   the  t o t a l   number  of  bytes  to  be  t r a n s m i t t e d   i n  

the  message  but  as  each  byte  is  t r a n s m i t t e d   the  r e g i s t e r   w i l l  

decrement  under  con t ro l   of  a  deccount   output   s ignal   115  from  the  s t a t e  

machine  113  and  will   g e n e r a t e   the  count  zero  s ignal   114  when  no  b y t e s  

remain  to  be  sen t .   In  a d d i t i o n   to  the  deccount   ou tput   115,  the  s t a t e  

machine  113  p rov ides   a  read  r eques t   ou tpu t   on  l ine   77,  a  run  r e q u e s t  

on  l ine   116  and  i n c p o i n t e r   on  l ine   117.  The  p o i n t e r   r e g i s t e r   112 

i n i t i a l l y   con t a in s   the  p o i n t e r   to  the  f i r s t   byte  to  be  t r a n s m i t t e d   b u t  

due  to  the  signal   on  l i n e   117  the  p o i n t e r   is  incremented   as  each  b y t e  

is  t r a n s m i t t e d .  

The  ou tput   116  is  connec ted   to  the  run  r eques t   s ignal   l ine  which  has  

been  marked  84b  and  a lso  to  an  AND  gate  118  r e c e i v i n g   a  f u r t h e r   i n p u t  

on  l ine   119  from  the  p r i o r i t y   r e g i s t e r   110.  In  th i s   way,  the  p r i o r i t y  

of  the  o u t p u t t i n g   process   can  be  i n d i c a t e d   on  l ine   84a  when  a  run  

reques t   is  made  on  l i n e   84b .  



The  s i g n a l s   on  bus  75  and  l ine   79  from  the  memory  i n t e r f a c e   p a s s  

d i r e c t l y   through  the  channel  to  the  l ink  i n t e r f a c e   92  on  l ines   95  and 

96.  Bus  75  and  l i ne   95  t r a n s m i t   the  value  of  the  byte  to  be 

t r a n s m i t t e d   whereas  l i n e s   79  and  96  carry  the  ou tput   data  valid  s i g n a l  

which  is  genera ted   by  the  memory  i n t e r f a c e   to  i n d i c a t e   tha t   the  d a t a  

now  sent   p rope r ly   r e p r e s e n t s   a  ful l   byte  of  d a t a .  

The  succes s ion   of  t r a n s i t i o n   s t a t e s   for  the  t r a n s f e r   s t a t e   machine  113 

is  as  f o l l o w s : -  

Figure  13  shows  more  f u l l y   the  input   channel  91.  This  inc ludes   a 

p r i o r i t y   f lag  or  r e g i s t e r   120,  a  byte  coun te r   r e g i s t e r   121  and  a 

p o i n t e r   r e g i s t e r   122  all  connected  to  the  Z  bus.  The  input  and  o u t p u t  

s i g n a l s   for  the  channel  are  c o n t r o l l e d   by  th ree   s t a t e   machines.  These  

c o n s i s t   of  a  TRANSFER  s t a t e   machine  125,  an  ALTERNATIVE  s t a t e   machine  

126  and  a  READY  s t a t e   machine  127.  Each  of  the  s t a t e   machines  

r ece ives   an  input   of  clock  pulses   from  the  same  source  93.  

The  TRANSFER  s t a t e   machine  125  c o n t r o l s   the  input   of  a  message  t h r o u g h  

the  channel  to  a  memory  l o c a t i o n .   When  the  p r o c e s s o r   executes  t h e  

i n s t r u c t i o n s   neces sa ry   to  input   a  message,  i t   loads  the  byte  c o u n t e r  

r e g i s t e r   121  with  an  i n d i c a t i o n   of  the  number  of  bytes  to  be  i n p u t ,  

the  po in t e r   r e g i s t e r   122  is  loaded  with  a  p o i n t e r   to  the  f i r s t   memory 



l o c a t i o n   into  which  the  message  is  to  be  copied  and  the  p r i o r i t y  f l a g  

120  is  set  with  an  i n d i c a t i o n   of  the  p r i o r i t y   of  the  process  e x e c u t i n g  

the  input   i n s t r u c t i o n s .   The  p r o c e s s o r   then  e f f e c t s   an  input  r e q u e s t  

on  l ine   85b  which  forms  one  of  the  inputs   to  the  t r a n s f e r   s t a t e  

machine  125.  The  byte  coun te r   r e g i s t e r   121  i nc ludes   a  d e c r e m e n t o r  

a r ranged  so  tha t   as  each  byte  of  input   message  is  r ece ived   the  c o u n t  

is  reduced  unt i l   f i n a l l y   r each ing   zero.   S i m i l a r l y   the  p o i n t e r  

r e g i s t e r   122  i n c o r p o r a t e s   an  i nc remen to r   so  t h a t   as  each  byte  i s  

r e ce ived   the  p o i n t e r   inc rements   to  the  memory  d e s t i n a t i o n   address   f o r  

the  next  byte  of  the  input   m e s s a g e .  

The  t r a n s f e r   s t a t e   machine  125  has  a  r e s e t   input   from  l ine  101,  a 

count  zero  s ignal   on  l ine   128  from  the  byte  coun te r   121,  an  i n p u t  

r eques t   from  l ine   85b  and  a  READY  signal   on  l i ne   129  from  the  READY 

s t a t e   machine  127.  The  t r a n s f e r   s t a t e   machine  125  has  an  o u t p u t  

DECCOUNT  on  l i n e   130  in  order   to  decrement  the  byte  counter   121.  

S i m i l a r l y   i t   has  an  ou tpu t   INCPOINTER  on  l ine   131  in  order  t o  

increment   the  p o i n t e r   r e g i s t e r   122.  It  also  p rov ides   an  output   w r i t e  

r e q u e s t   on  l ine   78,  input   ACK  on  l ine   99  and  RUNREQ  on  l ine   84e .  

The  success ion   of  s t a t e s   of  the  t r a n s f e r   s t a t e   machine  125  is  a s  

f o l l o w s : -  



The  READY  s t a t e   machine  127  can  be  in  the  form  of  a  simple  f l i p - f l o p  

and  is  used  to  i n d i c a t e   whether   a  byte  of  data  has  been  received  in  an 

input   r e g i s t e r   in  the  l ink  i n t e r f a c e   and  not  yet   acknowledged.  The 

READY  s t a t e   machine  127  has  a  r e s e t   input   101  and  in  add i t ion   it   has  

an  input   s ignal   input   data  va l id   on  l ine   98  der ived   from  the  l i n k  

i n t e r f a c e   when  a  va l id   byte  of  data  has  been  r ece ived   in  an  i n p u t  

r e g i s t e r   of  the  i n t e r f a c e .   In  a d d i t i o n ,   the  s t a t e   machine  127  has  an 

inpu t   132  der ived  from  the  inpu t   ACK  signal   l i ne   99  so  tha t   the  s t a t e  

machine  is  set  in  one  c o n d i t i o n   when  a  byte  of  data  has  been  r e c e i v e d  

by  the  l ink  i n t e r f a c e   and  is  then  r e s e t   once  the  input   ACK  signal  has  

been  sent  on  l ine   99.  The  s t a t e   machine  127  p rov ides   a  s ingle   o u t p u t  

READY  on  l ine   129  which  forms  an  input   to  the  t r a n s f e r   s t a t e   machine 

125  as  well  as  one  input   to  an  AND  gate  133  as  well  as  a  READY  i n p u t  

134  to  the  a l t e r n a t i v e   s t a t e   machine  126.  The  success ion   of  s t a t e s   o f  

the  READY  s t a t e   machine  127  is  as  f o l l o w s :  

T r a n s i t i o n s  

The  a l t e r n a t i v e   s t a t e   machine  126  deals   with  p rocesses   e x e c u t i n g  

i n s t r u c t i o n s   for  a  number  of  a l t e r n a t i v e   input   channe l s .   In  a d d i t i o n  

to  the  READY  input   134  i t   has  a  r e s e t   input   101  an  enable  input  85c 

and  a  s t a t u s   enquiry   input   85d.  It  p rov ides   a  READYREQ  output  135 

which  leads  to  the  s ignal   l ine   84c.  It  p rov ides   a  f u r t h e r   o u t p u t  

REPLY  on  l ine   136  which  forms  a  second  input   to  the  AND  gate  133.  The 

ou tpu t   l ine   135  and  84e  both  form  inputs   to  an  OR  gate  137.  The  OR 

gate  provides   an  output   to  an  AND  gate  138  which  also  rece ives   an 

input   from  l ine   139  i n d i c a t i n g   the  p r i o r i t y   of  the  process   using  t h e  



input   c h a n n e l .  

By  use  of  input   s i g n a l s   on  l ines   85,  the  p r o c e s s o r   can  make  an  i n p u t  

r e q u e s t   or  enable   the  channel  or  make  a  s t a t u s   enqu i ry   and  these  w i l l  

be  d e s c r i b e d   more  f u l l y   below.  The  l ink  p rov ides   RUN  r e q u e s t s   o r  

READY  r e q u e s t s   on  l i n e s   84  and  by  use  of  the  ga tes   137  and  138  t h e  

p r i o r i t y   is  i n d i c a t e d   on  l ine   84d  when  e i t h e r   a  READY  r eques t   or  RUN 

r e q u e s t   is  made.  The  p rov i s ion   of  the  AND  gate  133  enab les   the  READY 

s t a t u s   to  be  i n d i c a t e d   on  l ine   80.  

The  s u c c e s s i o n   of  s t a t e s   of  the  a l t e r n a t i v e   s t a t e   machine  126  is  a s  

f o l l o w s : -  

Although  the  ou tpu t   and  input   channels   90  and  91  communicate  with  t h e  

p r o c e s s o r   and  with  the  memory,  i t   is  the  l ink  i n t e r f a c e   92  which 

c r e a t e s   the  data  packe t s   or  acknowledge  packets   which  are  to  be  o u t p u t  

in  accordance   with  the  protocol   shown  in  F igu re s   8  and  9  and  s i m i l a r l y  

to  r e ce ive   and  r e c o g n i s e   e i t h e r   of  these   packe t s   which  are  output   by  a 

f u r t h e r   mic rocompute r .   The  link  i n t e r f a c e   c o n s i s t s   of  an  output   s t a t e  

machine  140  with  a  b i t   counter   141  and  an  input   s t a t e   machine  142 

having  a  b i t   c o u n t e r   143.  It  f u r t h e r   i n c l u d e s   an  output   r e g i s t e r   144 

connec ted   to  the  ou tpu t   data  bus  95  and  a r r anged   to  rece ive   a  b y t e  



of  da ta .   An  input   r e g i s t e r   145  is  connec ted   to  the  input   pin  26  i n  

order  to  r e ce ive   incoming  data .   The  r e g i s t e r   145  is  connected  to  t h e  

input   data  bus  97 - l ead ing   to  the  memory  i n t e r f a c e .   The  l ink  i n t e r f a c e  

also  i n c l u d e s   two  Ready  I n d i c a t o r s , 1 4 6   and  147  which  may  each  c o m p r i s e  

a  f l i p - f l o p .   It  f u r t h e r   inc ludes   two  l a t c h e s   148  and  149  which  may 

each  comprise  a  f l i p - f l o p .   It  also  i n c l u d e s   t h r ee   AND  gates  150,  151 

and  152  as  well  as  an  OR  gate  153.  The  ou tpu t   s t a t e   machine  140  has  a 

p l u r a l i t y   of  inputs   and  outputs   as  f o l l o w s :  



The  inpu t   s t a t e   machine  142  has  inputs   and  o u t p u t s   a s  f o l l o w s  : -  

The  s u c c e s s i o n   of  s t a t e s   for  the  output   s t a t e   machine  is  as  f o l l o w s : -  

OUTPUT  STATE  MACHINE  140 



The  s u c c e s s i o n   of  s t a t e s   for  the  input   s t a t e   machine  142  are  a s  

f o l l o w s : -  

For  both  s t a t e   machines,   where  a  s p e c i f i c   output   is  l i s t e d  u n d e r   t h e  

output   column,  t h i s   means  t h a t   a  s ignal   1  is  genera ted   in  o rder   t o  

i n d i c a t e   t h a t   s p e c i f i c   ou tpu t .   At  all   o ther   times  the  s ignal   value  o f  

each  ou tput   not  l i s t e d   is  in  the  form  of  a  zero.   All  i npu t s   except   _  

those  l i s t e d   under  the  input   column  are  ignored.   The  symbols  \ /   / \  

and  A  are  used  to  denote  the  boolean  o p e r a t i o n s   AND,  OR  and  NOT 

r e s p e c t i v e l y .  

The  purpose  of  the  l a t ch   148  is  t o  c o n t r o l   the  output   o p e r a t i o n .   Once 

a  byte  of  data  has  been  ou tpu t   the  s ignal   from  output   169  se ts   t h e  

l a t ch   148  to  a  s t a t e   which  c o n t r o l s   the  AND  gate  150  to  p r e v e n t  

f u r t h e r   ou tpu t   un t i l   the  l a t ch   148  is  r e s e t   by  an  acknowledge  s i g n a l  

from  output   178  from  the  input   s t a t e   machine.  S i m i l a r l y   the  l a t ch   149 

c o n t r o l s   the  input   o p e r a t i o n .   When  data  has  been  r e c e i v e d ,   the  s i g n a l  

on  l ine   177  se t s   the  l a t ch   149  to  remember  t ha t   data  has  been  i n p u t  

unt i l   an  acknowledgement  is  sen t .   I t   c o n t r o l s   the  AND  gate  152  t o  

permit   an  ACKGO  input   to  the  ou tpu t   s t a t e   machine  unt i l   the  l a t ch   149 

is  r e s e t   by  the  output   170  i n d i c a t i n g   t ha t   the  acknowledge  has  gone.  

The  o p e r a t i o n   of  th i s   l ink  i n t e r f a c e   is  as  fo l lows .   Consider   f i r s t  



the  s i t u a t i o n   where  an  output   l ink  wishes  to  ou tpu t   data .   The  o u t p u t  

channel  of  Figure   12  causes  data  to  be  s u p p l i e d   t o  t h e   o u t p u t  r e g i s t e r  

along  bus  95  and  an  ou tput   data  va l id   s i g n a l  s e t s   the  Ready  i n d i c a t o r  

147.  The  ou tpu t   of  the  i n d i c a t o r   147  is  fed  to  the  AND  ga te .150   and 

the  s t a t e   of  the  l a t c h   148  is  such  t h a t   a  DataGo  signal   is  input   a t  

161.  The  ou tput   on  pin  27  is  de r ived   through  the  OR  gate  153  and 

t h e r e f o r e   c o n s i s t s  e i t h e r   of  the  s ignal   on  the  ou tput   166  from  t h e  

output   s t a t e   machine  or  the  output   of  the  AND  gate  151  dependent   on 

the  s ignal   s u p p l i e d   on  output   167  from  the  ou tpu t   s t a t e   machine.  As 

can  be  seen  from  the  t a b l e   of  t r a n s i t i o n s   for  the  ou tput   s t a t e   machine  

140,  when  the  machine  is  id le   a f t e r   being  r e s e t   t h e r e   is  n o  i n d i c a t e d  

output   for  l ine   166  and  consequen t ly   t h i s   t r a n s m i t s   a  s ignal   level   t o  

the  output   pin  27  i n d i c a t i n g   a  zero.   When  the  DataGo  s ignal   i s  

app l i ed   at  inpu t   161  t h i s   co r re sponds   to  l ine   number  4  of  the  s t a t e  

t ab le   where  the re   i s  a n   input   DataGo  and  no  AckGo  s i g n a l .   As 

i n d i c a t e d   t h i s   causes  the  s ignal   Oneout  on  ou tpu t   166.  This  feeds  a 

s ignal   1  to  the  ou tpu t   pin  27  and  forms  the  f i r s t   b i t   of  the  d a t a  

packet   shown  in  F igure   8.  The  ou tpu t   s t a t e   machine  then  moves  to  t h e  

s t a t e  c a l l e d  " D a t a F l a g "   as  can  be  seen  from  l i ne   6  of  the  s t a t e  

t a b l e .   In  t h i s   c o n d i t i o n   with  no  f u r t h e r   i npu t s   the  s t a t e   machine  

causes  a  f u r t h e r   Oneout  s ignal   on  ou tpu t   166  and  a  loadcount   s ignal   on 

ou tpu t   164.  This  causes  the  second  s ignal   value  1  to  be  ou tpu t   by  p i n  
27  thereby  forming  the  two  s t a r t   b i t s   of  the  data  packet   in  Figure   8 .  

The  b i t   coun te r   141  is  also  loaded  with  the  number  of  b i t s   to  be  

ou tpu t   which  in  t h i s   case  would  be  8.  The  ou tpu t   s t a t e   machine  i s  

then  in  the  s t a t e   c a l l e d   " d a t a b i t s "   and  as  can  be  seen  from  l i n e s   7 

'  and '8   of  the  s t a t e   t a b l e ,   t h i s   p rov ides   a  d a t a o u t   s ignal   to  the  AND 

gate  151  so  as  to  al low  the  data  c o n t e n t s   of  the  r e g i s t e r   144  to  be  

output   to  the  ou tpu t   pin  27.  A  s h i f t o u t   s ignal   on  output   168  c a u s e s  

s e q u e n t i a l   d i s c h a r g e   of  the  data  from  the  r e g i s t e r   144  with  a 

c o n s e q u e n t i a l   decrement   in  the  count  in  the  b i t   counter   141.  When  t h e  

counte r   reaches   zero  as  shown  in  l i ne   8  of  the  s t a t e   t ab le   a  Da tagone  

s ignal   is  ou tpu t   at  169  which  changes  the  l a t c h   148  and  removes  t h e  



Datago  s ignal   from  the  input  161.  As  can  be  seen  from  l ine   8  of  t h e  

s t a t e   t a b l e ,   no  ou tpu t s   on  l ines   166  and  167  are  shown  which  means 

tha t   the  s ignal   value  0  is  resumed  on  l i ne   166  which  is  fed  t h r o u g h  

the  OR  gate  153  and  the  output  pin  27  t he reby   forming  the  stop  b i t   0 

at  the  end  of  the  data  packet  shown  in  F igure   8.  The  ou tput   s t a t e  

machine  r e t u r n s   to  the  idle   c o n d i t i o n .  

The  ou tpu t   channel  may  also  be  used  to  send  an  acknowledge  p a c k e t .  

When  the  input   channel  has  r ece ived   a  byte  of  data  i t   sends  a  s i g n a l  

to  the  ou tpu t   s t a t e   machine  in  order   to  ou tpu t   an  acknowledge  p a c k e t  

of  the  type  shown  in  Figure  9.  A  s ignal   is  fed  to  the  AND  gate  152 

from  the  Ready  I n d i c a t o r   146  and  the  s t a t e   of  the  l a tch   149  at  t h i s  

time  permi ts   the  ACKGO  signal  to  be  a p p l i e d   to  input   163  of  the  o u t p u t  

s t a t e   machine  140.  This  cor responds   to  l ine   3  of  the  s t a t e   t a b l e   f o r  

the  ou tpu t   s t a t e   machine  140  and  as  can  be  seen,  th i s   causes  t h e  

output   oneout  on  the  output   166.  This  is  passed  through  the  OR  g a t e  

153  so  t h a t   the  s ignal   level  on  pin  27  is  changed  from  the  p r e v i o u s  

zero  level   to  i n d i c a t e   a  1  forming  the  f i r s t   b i t   of  the  acknowledge  

packet   shown  in  Figure   9.  This  changes  the  ou tpu t   s t a t e   machine  140 

to  the  s t a t e   c a l l e d   ACKFLAG  and  as  can  be  seen  from  l ine   5  of  t h e  

s t a t e   t a b l e   for  t h a t   machine,  th i s   causes  no  f u r t h e r   ou tputs   on  l i n e s  

166  and  167  and  t h i s   means  tha t   the  s igna l   level   on  output   166  changes  

back  to  the  zero  level   so  tha t   the  s ignal   level   on  the  ou tput   27 

r e v e r t s   to  zero  g iv ing  the  second  b i t   of  the  acknowledge  packet   shown 

in  Figure  9.  The  ou tpu t   s t a t e   machine  140  also  causes  an  o u t p u t  

ACKGONE  on  l i ne   170  so  as  to  change  the  s t a t e   of  the  l a t ch   149  and 

thereby  a l t e r   the  ou tpu t   of  the  AND  gate  152  so  t h a t   the  ACKGO  s i g n a l  

is  removed  from  the  input   163.  The  s t a t e   machine  then  r e t u r n s   to  t h e  

id le   s t a t e .  

The  o p e r a t i o n   of  the  input   s t a t e   machine  142  will  now  be  d e s c r i b e d .  

The  machine  is  r e s e t   by  a  r e se t   s ignal   on  l ine   101  and  in  a c c o r d a n c e  



with  l i n e   1  of  the  s t a t e   t ab le   for  the  i npu t   s t a t e   machine  142  t h i s  

causes  no  l i s t e d   ou tpu t s   but  puts  the  s t a t e   machine  into  the  i d l e  

s t a t e .   As  no  ou tputs   are  l i s t e d   the  s i g n a l s   on  all  outputs   will  have  

a  zero  s ignal   l e v e l .   Input  172  is  connec ted   to  the  input   pin  26  and 

so  long  as  there   is  no  Dataln  signal   the  machine  remains  idle  i n  

accordance   with  l ine   2  of  the  s t a t e   t a b l e .   As  soon  as  a  OatåIn  s i g n a l  

is  r e c e i v e d   at  inpu t   172  due  to  the  a r r i v a l   of  a  s t a r t   b i t   of  e i t h e r   a 

data  packe t   of  the  type  shown  in  Figure  8  or  an  acknowledge  packet  o f  

the  type  shown  in  F igure   9  the  s t a t e   machine  moves  onto  l ine   3  of  t h e  

s t a t e   t a b l e   caus ing   no  l i s t e d   output   but  moving  to  the  s t a t e   c a l l e d  

s t a r t .   If  the  next  b i t   to  a r r i ve   at  the  inpu t   pin  26  is  a  0  i n  

accordance   with  the  acknowledge  packet   shown  in  F igure   9  then  l ine   4  

of  the  s t a t e   t a b l e   for  the  input   s t a t e   machine  142  will  apply.  The 

machine  has  been  put  into  the  s t a t e   c a l l e d   s t a r t   by  the  a r r i va l   of  t h e  

f i r s t   b i t   of  the  packet   but  as  the  second  b i t   is  a  0  there   is  no 

longer   a  Dataln  s ignal   on  l ine   172  and  in  accordance   with  l ine   4  o f  

the  s t a t e   t a b l e   t h i s   causes  the  ou tput   SETACKREADY  on  output   178  and 

the  machine  r e t u r n s   to  the  idle   s t a t e .   The  ou tpu t   on  l ine   178  is  f e d  

to  the  l a t c h   148  in  order   to  i n d i c a t e   to  the  ou tpu t   s t a t e   machine  t h a t  

an  acknowledge  packet   has  been  r e c e i v e d .   I t   is  a lso  fed  to  the  Ready 

I n d i c a t o r   147.  

If  however  the  second  b i t   of  the  packet   a r r i v i n g   at  the  input   pin  26 

was  a  1  r a t h e r   than  a  0  such  t ha t   the  packet   is  a  data  packet  of  t h e  

type  shown  in  F igure   8,  then  l ine   5  of  the  s t a t e   t a b l e   would  apply  i n  

t h a t   the  machine  is  in  the  s t a r t   s t a t e  d u e  t o   the  f i r s t   b i t   of  t h e  

data  packe t   and  the  input   is  now  DataIn  o n  i n p u t   172.  This  causes  t h e  

ou tpu t   l o a d c o u n t   on  ou tpu t   174  so  t h a t   the  b i t   coun te r   143  is  l o a d e d  

with  the  number  of  b i t s   to  be  expected  in  the  data  packet .   In  t h i s  

case  the  number  of  b i t s   will  be  8  c o r r e s p o n d i n g   to  1  byte  of  d a t a .  

The  machine  moves  to  the  new  s t a t e   d a t a b i t s   and  as  can  be  seen  from 

l ine   6  of  the  s t a t e   t a b l e ,   so  long  as  the  i npu t   173  does  not  r e a c h  

zero  the  s t a t e   machine  con t inues   to  cause  a  s u c c e s s i o n   of  o p e r a t i o n s  

of  moving  the  incoming  b i t s   s u c c e s s i v e l y   along  the  input   r e g i s t e r   145 

due  to  the  s h i f t i n   s ignal   on  the  ou tput   l ine   176  and  i t   c a u s e s  



p r o g r e s s i v e   dec rea se   in  the  counter   143  due  to  the  DECCOUNT  signal   on 

the  ou tput   175.  When  the  count  in  the  coun te r   143  reaches   z e r o  

i n d i c a t i n g   tha t   the  r e q u i r e d   8  b i ts   of  data  have  now  been  r e c e i v e d ,  

l ine   7  of  the  input   s t a t e   machine  table   app l i e s   in  t ha t   the  machine  i s  

s t i l l   in  the  s t a t e   d a t a b i t s   and  a  count  zero  s ignal   is  r ece ived   on 

l ine   173.  This  causes   a  s h i f t i n   output  on  l ine   176  to  move  the  l a s t  

d a t a b i t   in to   the  i n p u t   r e g i s t e r   145  and  the  machine  changes  to  t h e  

dataend  s t a t e .   Line  8  of  the  s t a t e   table   i n d i c a t e s   t h a t   in  t h i s  

c o n d i t i o n   a  S e t D a t a r e a d y   s ignal   is  output   on  l ine   177  to  a l t e r   t h e  

l a t ch   149  and  the  Ready  I n d i c a t o r   146.  The  input   s t a t e   machine  142 

then  r e t u r n s   to  the  i d l e   s t a t e .   The  Se tDa ta ready   s ignal   which  was 

supp l i ed   to  the  Ready  I n d i c a t o r   146  causes  the  s igna l   " input   d a t a  

va l id"   on  l ine   98  to  i n d i c a t e   tha t   a  full   byte  of  data  has  now  been  

r ece ived   by  the  i npu t   r e g i s t e r   145. 

It  will  t h e r e f o r e   be  seen  t h a t   the  link  i n t e r f a c e   shown  in  Figure  14 

provides   a  packet   g e n e r a t o r   in  the  form  of  the  ou tpu t   s t a t e   machine  

140  t o g e t h e r   with  the  a s s o c i a t e d  b i t   counter   l a t c h e s   and  gates  so  t h a t  

data  may  be  ou tput   in  packe t s   of  the  type  shown  in  F igure   8  o r  

acknowledge  of  the  type  shown  in  Figure  9.  The  inpu t   s t a t e   machine  

142  t o g e t h e r   with  i t s   b i t   coun te r   and  l a t c h e s   forms  a  packet   d e c o d e r  

which  can  d i s t i n g u i s h   between  r e c e i p t   at  the  input   pin  26  of  an 

acknowledge  packet   of  the  type  shown  in  Figure   9  or  a  data  packet   o f  

the  type  shown  in  F igure   8.  In  the  case  of  a  data  packet   i t   loads  t h e  

input   r e g i s t e r   145  and  p rov ides   an  output   from  the  Ready  I n d i c a t o r   146 

_..when  a  complete  byte  has  been  rece ived .   In  the  case  of  an  acknowledge  

packet   i t   does  not  load  the  input   r e g i s t e r   145  but  causes  an  o u t p u t  

s ignal   for  use  in  c o n t r o l l i n g   the  output   of  the  next  data  p a c k e t .  

That  output   s ignal   a l t e r s   l a t ch   148  to  permit   t r a n s m i s s i o n   of  the  n e x t  

datago  s ignal   through  the  AND  gate  150.  It  also  causes  the  output   ACK 

signal   on  l ine   94  to  i n d i c a t e   tha t   a  f u r t h e r   byte  to  be  output   can  now 

be  supp l i ed   along  bus  95  to  the  output   r e g i s t e r   144.  When  a  byte  o f  

data  has  been  r e c e i v e d   by  the  input   r e g i s t e r   145  and  then  t r a n s f e r r e d  

to  i t s   d e s t i n a t i o n   via  bus  97,  an  input  acknowledge  s ignal   i s  

genera ted   for  l ine   99  so  t h a t   an  acknowledge  packet   must  be  sent  by 



the  output   pin  27  before   another   byte  of  data  can  be  i n p u t .  

It  will   be  seen  t ha t   by  use  of  the  l ink   i n t e r f a c e   shown  in  Figure  14 ,  

a  message  may  c o n s i s t   of  one  or  more  bytes   of  data  each  byte  b e i n g  

s e p a r a t e l y   t r a n s m i t t e d   in  a  packet  of  the  type  shown  in  Figure  8.  As 

each  packet  of  the  type  shown  in  Figure   8  is  r e c e i v e d   by  an  input   p i n  

an  acknowledge  of  the  type  shown  in  F igure   9  must  be  output  by  t h e  

a s s o c i a t e d   output   pin  before  the  next  data  packe t   can  be  i n p u t .  -  

S i m i l a r l y   the  ou tput   pin  must  await   an  acknowledgment  packet  for  e a c h  

data  packet  which  is  output   before  i t   can  proceed  to  o u t p u t t i n g   t h e  

next  data  p a c k e t .  

Although  each  byte  must  be  s e p a r a t e l y   sent   and  acknowledged,  t h e  

p r o c e s s o r   may  be  r e q u i r e d   to  respond  to  a  s i n g l e   output   or  i n p u t  

i n s t r u c t i o n   by  t r a n s m i t t i n g   or  r e c e i v i n g   a  message  which  c o n s i s t s   of  a 

p l u r a l i t y   of  bytes  in  order   to  complete  the  message  t r a n s m i s s i o n .  

In  the  above  de sc r i bed   example  all  s t a t e   machines  in  the  i n p u t  

channe l ,   output   channel  and  l ink  i n t e r f a c e   are  supp l i ed   with  t i m i n g  

pulses   from  a  common  c lock.   This  will  be  used  in  c o n t r o l l i n g   the  b i t  

f requency   of  the  data  and  acknowledge  packe t s   t r a n s m i t t e d   by  t h e  

ou tpu t   pin  27.  It  is  assumed  in  the  above  example  tha t   other  d e v i c e s  

to  which  the  l ink  i n t e r f a c e   is  connected   in  order   to  carry  out  message  
t r a n s m i s s i o n   are  fed  with  t iming  pulses   from  the  same  clock.  In  t h i s  

way  s y n c h r o n i s a t i o n   is  achieved  between  the  i npu t   s t a t e   machine  142 

and  the  incoming  data  from  input   pin  26.  However  the  l ink  i n t e r f a c e  

may be  a r ranged  to  opera te   with  s y n c h r o n i s i n g   log ic   between  t h e  i n p u t  

pin  26  and  the  inpu t   s t a t e   machine  142  so  t h a t   d i f f e r e n t   devices  which  

are  connected  t o g e t h e r   for  communication  purposes   may  use  d i f f e r e n t  

c l o c k s .   Such  d i f f e r e n t   c locks  should  have  the  f requency   al though  t h e y  

may  have  d i f f e r e n t   phase.  Such  s y n c h r o n i s i n g   log ic   may  be  ar ranged  t o  

sample  an  incoming  b i t   p a t t e r n   at  a  f r equency   h igher   than  t h e  

f requency   of  the  b i t   p a t t e r n   in  the  message  so  t h a t   the  signal  l e v e l  

is  sampled  several   t imes  for  each  incoming  b i t .   In  th is   way  t h e  

l ead ing   edge  of  a  s t a r t   b i t   can  be  d e t e c t e d   and  t h e  s i g n a l   level  a t  

the  input   pin  26  may  be  t r e a t e d   as  va l id   a  p r ede t e rmined   time  a f t e r  

d e t e c t i n g   the  l ead ing   edge  of  the  s t a r t   b i t .   In  t h i s   way  sampling  o f  



the  incoming  data  is  e f f e c t e d   approximate ly   midway  through  t h e  

d u r a t i o n   of  each  incoming  b i t .  

N o t a t i o n  

In  the  fo l lowing   d e s c r i p t i o n   of  the  way  in  which  the  m i c r o c o m p u t e r  

o p e r a t e s ,   p a r t i c u l a r l y   with  r e fe rence   to  i t s   f u n t i o n s ,   o p e r a t i o n s   and 

p r o c e d u r e s ,   n o t a t i o n   is  used  in  accordance  with  the  OCCAM  (Trade  Mark 

of  INMOS  I n t e r n a t i o n a l   plc)  language.   This  language  is  set   fo r th   i n  

the  book le t   e n t i t l e d   "Programming  Manual -  OCCAM"  p u b l i s h e d   and 

d i s t r i b u t e d   by  INMOS  Limited  in  1983  in  the  United  Kingdom. 

Fur the rmore   the  n o t a t i o n   used  has  been  set  out  f u l l y   in  European  

Pa t en t   A p p l i c a t i o n   0110642  and  for  s i m p l i c i t y   wil l   not  be  repea ted   i n  

t h i s   s p e c i f i c a t i o n .   However  the  e x p l a n a t i o n   of  OCCAM  and  the  n o t a t i o n  

used  which  is  set   out  in  European  Patent   A p p l i c a t i o n   0110642  i s  

i n c o r p o r a t e d   here in   by  r e f e r e n c e .  

In  a d d i t i o n   to  the  above  mentioned  no ta t ion   the  f o l l o w i n g   d e s c r i p t i o n  

r e f e r s   to  c e r t a i n   memory  access   procedures  which  are  def ined   as  

f o l l o w s : -  



PROCEDURES  USED  BY  THE  MICROCOMPUTER 

In  the  fo l lowing   d e s c r i p t i o n   t h i r t e e n   d i f f e r e n t   p rocedures   (PROC)  a r e  

r e f e r r e d   to.  The  f o l l o w i n g   six  p rocedures   are  used  in  the  d e s c r i p t i o n  

of  the  behaviour   of  the  p r o c e s s o r .  

Dequeue 

Run 

S t a r t N e x t P r o c e s s  

Hand leRunReques t  

H a n d l e R e a d y R e q u e s t  

BlockCopyStep  

Procedure  "Dequeue"  makes  the  process   on  the  f r o n t   of  the  p r i o r i t y  

"Pri"  process   queue  the  c u r r e n t   p r o c e s s .  

Procedure  "Run"  s c h e d u l e s   the  process   whose  d e s c r i p t o r   is  con ta ined   i n  

the  ProcDesc  r e g i s t e r .   This  will  cause  a  p r i o r i t y   0  process   to  s t a r t  

running  immed ia t e ly ,   in  p r e f e r e n c e   to  an  a l ready   execu t ing   p r i o r i t y   1 

p r o c e s s .  



Procedure  " S t a r t N e x t P r o c e s s "   deschedules   the  c u r r e n t   process   and,  i f  

there   is  ano ther   runnab le   p r o c e s s ,   s e l e c t s   the  next  runnable   p r o c e s s .  
This  may  cause  the  r esumpt ion   of  an  i n t e r r u p t e d   p r i o r i t y   1  process   i f  

there   are  no  f u r t h e r   p r i o r i t y   0  p rocesses   to  r u n .  

Procedure  " S t a r t N e x t P r o c e s s "   is  always  executed   as  a  r e s u l t   of  t h e  

SNPFlag  being  s e t .   The  f i r s t   ac t ion   of  t h i s   process   is ,   t h e r e f o r e ,   t o  

c l ea r   tha t   f l a g .  



Procedure   "HandleRunRequest"  is  execu ted   as  a  r e s u l t   of  a  l ink   making 

a   " R u n R e q u e s t "  t o  t h e   p r o c e s s o r .   In  the  d e s c r i p t i o n   of  the  p r o c e d u r e  

"PortNo"  is  the  number  of  the  l ink   making  the  r eques t .   The  p r o c e d u r e  

o p e r a t e s   by  load ing   the  "ProcDescReg"  with  the  con ten t   of  the  p r o c e s s  

word  a s s o c i a t e d   with  the  l ink  and  e x e c u t i n g   the  "Run"  p r o c e d u r e .  

Procedure   "HandleReadyRequest"   is  execu ted   as  a  r e s u l t   of  a  l i n k  

making  a  "ReadyRequest"  to  the  p r o c e s s o r .   In  the  d e s c r i p t i o n   of  t h e  

procedure   "PortNo"  is  the  number  of  the  l i n k .   Port  Base  is  the  a d d r e s s  

of  the  f i r s t   l i nk .   The  p rocedure   i d e n t i f i e s   the  process   which  i s  

per forming  a l t e r n a t i v e   input   from  the  c o n t e n t   of  the  p rocess   word 

a s s o c i a t e d   with  the  l ink .   The  p rocedure   schedules   t ha t   process   i f  

a p p r o p r i a t e   and  updates  the  S ta te   l o c a t i o n   of  tha t   process   a s  

a p p r o p r i a t e .  



The  procedure   "BlockCopyStep"  causes   a  s i n g l e   byte  of  a  message  to  be 

t r a n s f e r r e d .   The  procedure   always  execu t e s   as  a  r e s u l t   of  t h e  

"CopyFlag"  being  se t .   If  the  procedure   has  copied  the  l a s t   byte  of  a 

message  i t   c l e a r s   ( unse t s )   the  "CopyFlag"  and,  if  the  "Treg"  c o n t a i n s  

a  process   d e s c r i p t o r   tha t   process   is  s c h e d u l e d .  



The  p rocessor   performs  a  sequence  of  a c t i o n s .   These  are  pe r fo rmed  

e i t h e r   on  behal f   of  the  c u r r e n t   process   or  on  beha l f   of  a  l i n k .  

The  ac t i ons   which  may  be  performed  on  beha l f   of  the  cu r r en t   p r o c e s s  

are  to  perform  " S t a r t N e x t P r o c e s s " ,   to  perform  "BlockCopyStep"  or  t o  

f e t c h ,   decode  and  execute   an  i n s t r u c t i o n .  

The  a c t i ons   which  may  be  performed  on  b e h a l f   of  a  l ink  are  to  p e r f o r m  

"HandleRunRequest"  or  to  perform  "Hand leReadyReques t " .  

Each  of  these  a c t i o n s   co r r e sponds   to  a  sequence  of  m i c r o i n s t r u c t i o n s .  

The  l a s t   m i c r o i n s t r u c t i o n   in  any  of  the  sequences   compris ing  t h e s e  

a c t i o n s   is  "Nex tAc t ion" .   This  causes  the  p r o c e s s o r   to  choose  the  n e x t  

ac t ion   to  be  p e r f o r m e d .  

The  way  in  which  the  p r o c e s s o r   decides  which  ac t ion   is  to  be  p e r f o r m e d  

next  when  a  "NextAct ion"   m i c r o i n s t r u c t i o n   is  executed  is  as  d e s c r i b e d  

be low.  

The  Sync  Control  Logic  10  will   forward  at  most  one  "RunRequest"  o r  

"ReadyRequest"  to  the  p r o c e s s o r   at  any  t ime.   The  Sync  Control  Log ic  

wil l   not  forward  a  p r i o r i t y   1  r eques t   i f   there   is  a  p r i o r i t y   0  r e q u e s t  

o u t s t a n d i n g .   This  r e s u l t s   in  two  s i g n a l s   e n t e r i n g   the  C o n d i t i o n  

M u l t i p l e x o r ,   one  i n d i c a t i n g   the  presence   of  a  r e q u e s t ,   the  o t h e r  

i n d i c a t i n g   the  p r i o r i t y   of  t h a t   r e q u e s t .  

The  Condi t ion  M u l t i p l e x o r   a lso  has  s i g n a l s   coming  from  the  c u r r e n t l y  

s e l e c t e d   SNPFlag  and  the  c u r r e n t l y   s e l e c t e d   CopyFlag.  It  i s ,  

t h e r e f o r e ,   able  to  make  the  s e l e c t i o n   as  d e s c r i b e d   below.  

The  p rocesso r   wil l   perform  " S t a r t N e x t P r o c e s s "   if  the  SNPFIag[Pri]   i s  

se t .   Otherwise ,   the  p r o c e s s o r   will  handle  a  channel  r eques t ,   u n l e s s  

the  p r i o r i t y   of  t h a t   r e q u e s t   is  lower  than  the  p r i o r i t y   of  the  c u r r e n t  

p rocess .   Otherwise ,   the  p r o c e s s o r   will  perform  "BlockCopyStep"  if   t h e  

CopyFlag[Pr i ]   is  se t .   Otherwise   the  p r o c e s s o r   will  f e t ch ,   decode  and 

execute   an  i n s t r u c t i o n   if  there   is  a  c u r r e n t   p rocess .   Otherwise  t h e  



p r o c e s s o r   will   wait  un t i l   there   is  a  channel  r e q u e s t .  

The  d e s c r i p t i o n   of  the  Funct ion  Set  which  fo l lows  r e f e r s   to  t h e  

a d d i t i o n a l   seven  p r o c e d u r e s :  

C a u s e L i n k l n p u t  

C a u s e L i n k O u t p u t  

M a k e L i n k R e a d y S t a t u s E n q u i r y  

E n a b l e L i n k  

L i n k C h a n n e l l n p u t A c t i o n  

L i n k C h a n n e l O u t p u t A c t i o n  

I s T h i s S e l e c t e d P r o c e s s  

The  four  p r o c e d u r e s   "CauseLinkInpu t " ,   " C a u s e L i n k O u t p u t " ,  

MakeLinkReadySta tusEnqui ry"   and  "EnableLink"  desc r ibe   i n t e r a c t i o n  

between  the  p r o c e s s o r   and  a  l i n k .  

The  p rocedure   "CauseLinkInput(VAR  PortNo)"  loads  l ink  channel  Por tNo 

with  a  p r i o r i t y ,   a  p o i n t e r   and  a  count  and  then  makes  an  I n p u t R e q u e s t  

to  t h a t   l ink  channel  which  causes  the  l ink   channel  to  input   a 

message.  More  p r e c i s e l y ,   the  p roce s so r   loads  the  P r i o r i t y   f l a g ,   t h e  

P o i n t e r   r e g i s t e r   and  the  Count  r e g i s t e r   of  the  l ink  channel  from  t h e  

Pri  f l a g ,   C r e g [ P r i ]   r e g i s t e r   and  A r e g [ P r i ]   r e g i s t e r   of  the  p r o c e s s o r ,  

and  makes  an  Inpu tReques t   to  the  l ink  c h a n n e l .  

The  p rocedure   "CauseLinkOutput(VAR  PortNo)"  loads  l ink  channel  Por tNo 

with  a  p r i o r i t y ,   a  p o i n t e r   and  a  count  and  makes  an  O u t p u t R e q u e s t ;  

which  causes   the  l ink   channel  to  ou tput   a  message.  More  p r e c i s e l y ,  

the  p r o c e s s o r   loads  the  P r i o r i t y   f l ag ,   the  P o i n t e r   r e g i s t e r   and  t h e  

Count  r e g i s t e r   of  the  l ink  channel  from  the  Pri  f l ag ,   C r e g [ P r i ]  

r e g i s t e r   and  A r e g [ P r i ]   r e g i s t e r   of  the  p r o c e s s o r ,   and  makes  an 

Outpu tReques t   to  t h a t   l ink  c h a n n e l .  

The  p rocedure   "MakeLinkReadyStatusEnquiry(VAR  PortNo,  Ready),  makes  a 

R e a d y S t a t u s E n q u i r y   to  l ink  channel  PortNo.  "Ready"  is  set   to  TRUE  i f  

the  l ink   channel  is  ready,  FALSE  if  i t   is  not  r e a d y .  



The  p rocedure   "EnableLink(VAR  PortNo)"  se ts   the  P r i o r i t y   f lag  of  l i n k  

channel  PortNo  to  the  value  of  the  Pri  f lag  and  s i g n a l s   an 

EnableReques t   to  the  l ink  c h a n n e l .  

The  remaining  p r o c e d u r e s   are  de sc r ibed   as  f o l l o w s : -  



FUNCTION  SET 

As  in  European  pa t en t   s p e c i f i c a t i o n   0110642,  each  i n s t r u c t i o n   for  t h e  

microcomputer   i n c l u d e s   a  f u n c t i o n   element  s e l e c t e d   from  a  f u n c t i o n  

se t .   The  f u n c t i o n s   executed   by  the  microcomputer  i nc lude   d i r e c t  

f u n c t i o n s ,   the  p r e f i x i n g   f u n c t i o n s   pfix  and  nfix,   and  an  i n d i r e c t  

f u n c t i o n   opr  which  uses  the  operand  r e g i s t e r   0reg  to  s e l e c t   one  of  a 

set   of  o p e r a t i o n s .   As  in  the  above  pa tent   a p p l i c a t i o n ,   the  O r e g [ P r i ]  
is  c l e a r e d   a f t e r   the  execu t ion   of  all   i n s t r u c t i o n s   except   PFIX  and 

NFIX. 

The  improved  set   of  d i r e c t   f u n c t i o n s   and  o p e r a t i o n s   of  the  p r e s e n t  

a p p l i c a t i o n   is  as  f o l l o w s :  

DIRECT  FUNCTIONS 



OPERATIONS 

































It  will  be  unders tood   t h a t   the  m i c r o i n s t r u c t i o n   ROM  13  c o n t a i n s  

m i c r o i n s t r u c t i o n s   c o r r e s p o n d i n g   to  all   the  above  l i s t e d   f u n c t i o n s   and 

o p e r a t i o n s   whereby  the  p r o c e s s o r   is  caused  to  carry  out  any  of  t h e  

above  a c t i ons   as  a  r e s u l t   of  m i c r o i n s t r u c t i o n s   der ived   from  the  ROM  13.  

S c h e d u l i n g  

The  p r o c e s s o r   shares   i t s   time  between  a  number  of  c o n c u r r e n t   p r o c e s s e s  

execu t ing   at  the  two  d i f f e r e n t   p r i o r i t y   l e v e l s   0  and  1.  A  p r i o r i t y   0 

process   will   always  e x e c u t e  i n   p r e f e r e n c e   to  a  p r i o r i t y   1  process   i f  

both  are  able  to  e x e c u t e .   At  any  time  only  one  of  the  p r o c e s s e s   i s  

a c t u a l l y   being  executed   and  t h i s   process   which  is  the  c u r r e n t   p r o c e s s  
has  i t s   workspace  p o i n t e r   (WPTR)  in  the  WPTR  REG  51  and  an  i n s t r u c t i o n  

p o i n t e r   (IPTR)  in  the  IPTR  REG  50  i n d i c a t e s   the  next  i n s t r u c t i o n   to  be 

executed  from  the  sequence  of  i n s t r u c t i o n s   in  the  program  r e l a t i n g   t o  

t ha t   p a r t i c u l a r   p r o c e s s .   Any  process   which  is  not  the  c u r r e n t   p r o c e s s  

and  is  not  awai t ing   e x e c u t i o n   is  descheduled .   When  a  process   i s  

scheduled  i t   e i t h e r   becomes  the  c u r r e n t   process   or  is  added  to  a  l i s t  

or  queue  of  p rocesses   awa i t i ng   execu t i on .   Such  a  l i s t   is  formed  as  a 



l i nked   l i s t   with  each  process   on  the  l i s t   having  a  po in t e r   in  the  l i n k  

l o c a t i o n   66  of  i t s   workspace  to  the  workspace  of  the  next  process  on 

t h a t   l i s t .   The  i n s t r u c t i o n   p o i n t e r   (IPTR)  of  any  process   on  the  l i s t  

is  s t o r ed   in  the  IPTR  l o c a t i o n   65  of  i t s   workspace  as  shown  in  F i g u r e  

3 .  

In  the  p r e s e n t   case,  the  p r o c e s s o r   m a i n t a i n s   two  l i s t s   of  p r o c e s s e s  

which  are  wa i t ing   to  be  execu ted ,   one  for  each  p r i o r i t y   l eve l .   Th i s  

s i t u a t i o n   is  shown  in  F igures   3  and  4.  F igure   3  i n d i c a t e s   the  h igh  

p r i o r i t y   0  l i s t   whereas  Figure   4  shows  a  low  p r i o r i t y   1  l i s t   at  a  t ime  

when  a  p r i o r i t y   0  process  is  the  c u r r e n t   process   as  shown  in  F i g u r e  

3.  As  the  c u r r e n t   process  in  th i s   case  is  a  high  p r i o r i t y   0  p r o c e s s ,  
the  r e g i s t e r   bank  s e l e c t o r   41  has  s e l e c t e d   the  r e g i s t e r s   in  bank  39 

for  use  by  the  p roces so r .   Consequent ly   WPTR  REG  (0)  holds  a  p o i n t e r  

to  the  zero  l o c a t i o n   of  the  workspace  60  o f  t h e   c u r r e n t   process  L  as  

i n d i c a t e d   in  Figure  3.  The  IPTR  REG  (0)  con t a in s   a  po in te r   180  to  t h e  

next  i n s t r u c t i o n   in  the  program  sequence  181  which  is  s tored  i n  

memory.  The  r e g i s t e r s   54,  55,  56  and  57  i n d i c a t e d   in  Figure  3  c o n t a i n  

o the r   va lues   to  be  used  during  execu t ion   of  the  c u r r e n t   process  L.  The 

l i s t   of  p r i o r i t y   0  p rocesses   which  have  been  scheduled  and  a r e  

awa i t i ng   execu t ion   is  i n d i c a t e d   in  Figure   3  by  the  th ree   processes   M, 

N and  0  whose  workspaces  are  i n d i c a t e d   d i a g r a m m a t i c a l l y   at  61,  62  and 

63.  Each  of  these  workspaces  is  g e n e r a l l y   s i m i l a r   to  tha t   i n d i c a t e d  

for  p rocess   L.  The  FPTR  REG  (0)  marked  53  c o n t a i n s   the  po in te r   to  t h e  

workspace  of  process   M  which  is  the  p rocess   at  the  f r o n t   of  t h i s  

l i s t .   The  workspace  of  process   M  c o n t a i n s   in  i t s   IPTR  l o c a t i o n   65  a 

p o i n t e r   to  the  next  i n s t r u c t i o n   in  the  program  sequence  which  is  to  be 

execu ted   when  process  M  becomes  the  c u r r e n t   p rocess .   The  l i n k  

l o c a t i o n   66  of  process  M  c o n t a i n s   a  p o i n t e r   to  the  workspace  o f  

process   N  which  is  the  next  process   on  the  l i s t .   The  l a s t   process  on 

the  l i s t   i n d i c a t e d   is  process   0  which  has  i t s   workspace  i nd i ca t ed   a t  

63.  The  BPTR  REG  (0)  marked  52  con t a in s   a  p o i n t e r   to  the  workspace  o f  

t h i s   l a s t   process   0.  The  workspace  63  of  t h i s   process   0  is  pointed  t o  

by  the  c o n t e n t s   of  the  link  l o c a t i o n   66  of  the  previous   process  N  b u t  

in  t h i s   case  the  link  l o c a t i o n   66  of  process   0  does  not  contain  any 



p o i n t e r   as  t h i s   is  the  l a s t   p rocess   on  the  l i s t .  

When  a  f u r t h e r   process   is  added  to  the  l i s t   a  p o i n t e r   to  the  workspace 

of  t h a t   f u r t h e r   process  is  placed  in  the  BPTR  REG  52  and  the  l i n k  

l o c a t i o n   66  of  the  process   0  then  c o n t a i n s   a  p o i n t e r   to  the  workspace 

of  the  f u r t h e r   process  which  is  added  to  the  l i s t .  

The  p r i o r i t y   1  l i s t   is  g e n e r a l l y   s i m i l a r   and  th i s   is  i n d i c a t e d   i n  

F igure   4.  In  th i s   case  the  l i s t   of  p r i o r i t y   1  p r o c e s s e s   which  have 

been  s chedu led   and  are  awai t ing   e x e c u t i o n   c o n s i s t s   of  the  processes   P,  

Q  and  R.  A  f u r t h e r   p r i o r i t y   1  p rocess   marked  S  is  shown  but  th is   i s  

c u r r e n t l y   descheduled   and  does  not  form  par t   of  the  l ink  l i s t .   The 

FPTR  REG  (1)  con ta ins   a  p o i n t e r   to  the  workspace  of  process   P  which 

forms  the  f i r s t   process   on  the  l i s t   awa i t ing   e x e c u t i o n .   The  BPTR  REG 

( 1 )  c o n t a i n s  a  p o i n t e r   to  the  workspace  of  process   R  which  forms  t h e  

l a s t   p roce s s   on  the  l i s t   awa i t i ng   e x e c u t i o n .   Each  of  the  processes   P ,  

Q  and  R  has  an  IPTR  in  i t s   IPTR  l o c a t i o n   po in t ing   to  the  program  s t a g e  

from  which  the  next  i n s t r u c t i o n   is  to  be  taken  when  tha t   p r o c e s s  
becomes  the  c u r r e n t   p rocess .   The  l ink  l o c a t i o n   of  each  process   a p a r t  

from  the  l a s t   process   on  the  l i s t   c o n t a i n s   a  p o i n t e r   to  the  workspace 

of  the  next   process   on  the  l i s t .  

The  p o s i t i o n   shown  in  Figure  4  is  t h a t   the  WPTR  REG  (1)  marked  51  does 

not  c o n t a i n   a  va l id   po in t e r   to  a  process   workspace  on  the  a s sumpt ion  

t h a t   the  c u r r e n t   p r i o r i t y   0  p rocess   became  the  c u r r e n t   process   w i t h o u t  

i n t e r r u p t i n g   a  p r i o r i t y   1  p rocess   p r i o r   to  i t s   c o m p l e t i o n .  

When  a  p rocess   becomes  ready  to  run,  for  example  as  a  r e s u l t   of  t h e  

c o m p l e t i o n   of  some  communicat ion,   i t   is  e i t h e r   executed   immediately  o r  

i t   is  appended  to  the  a p p r o p r i a t e   l i s t .   I t   will  be  run  immedia te ly  

i f   i t   is  a  p r i o r i t y   0  process   and  no  p r i o r i t y   0  p rocess   is  b e i n g  

e x e c u t e d   or  if   i t   is  a  p r i o r i t y   1  process   and  no  process   is  b e i n g  

execu t ed   at  a l l .   A  process   may  con t inue   to  execute   unt i l   i t   engages  

in  communicat ion  on  a  channel  which  r e q u i r e s   de schedu l ing   of  t h e  

p roce s s   or  if  i t   is  a  p r i o r i t y   1  process   unt i l   i t   is  t e m p o r a r i l y  



stopped  or  i n t e r r u p t e d   to  al low  a  more  urgent   p r i o r i t y   0  process   t o  

r u n .  

When  a  p r i o r i t y   0  process   is  executed  the  PRI  FLAG  47  is  set  to  0.  

When  the  p r o c e s s o r   is  execu t ing   a  p r i o r i t y   1  process  or  has  no 

p rocesses   to  run  the  PRI  FLAG  49  has  the  value  1.  If  there   are  no 

processes   to  run,  the  WPTR  (1)  r e g i s t e r   has  the  value  Not  Process  p .  
This  will  be  the  p o s i t i o n   for  the  WPTR  REG  51  shown  in  Figure  4  where  

there   is  a  l i s t   of  p r i o r i t y   1  p rocesses   wi thout   any  i n t e r r u p t e d  

p r i o r i t y   1  p r o c e s s .   If  a  p r i o r i t y   1  process   had  been  i n t e r r u p t e d   t o  

allow  e x e c u t i o n   of  a  p r i o r i t y   0 -process  the  workspace  p o i n t e r   of  t h e  

i n t e r r u p t e d   p r i o r i t y   1  process   would  remain  in  the  WPTR  REG  ( 1 ) .  

Consequent ly   when  the re   are  no  more  p r i o r i t y   0  p rocesses   to  be  run  t h e  

p rocessor   d e t e r m i n e s   whether  a  p r i o r i t y   1  process  was  i n t e r r u p t e d   by 

means  of  the  c o n t e n t s   of  the  WPTR  (1)  r e g i s t e r .   If  th i s   has  the  v a l u e  

Not  Process   p  then  there   was  not  an  i n t e r r u p t e d   process   and  t h e  

p rocessor   checks  the  p r i o r i t y   1  l i s t   by  looking  at  the  con t en t s   of  t h e  

FPTR  REG  (1) .   If  however  WPTR  REG  (1)  s t i l l   con ta ins   a  workspace  

po in t e r   the  p r o c e s s o r   can  con t inue   execu t ing   the  i n t e r r u p t e d   p r o c e s s .  
If  there   is  no  p rocess   wai t ing   on  e i t h e r   of  the  p r i o r i t y   l i s t s   t h e n  

the  a p p r o p r i a t e   FPTR  REG  will  con ta in   the  value  Not  Process  p.  

New  c o n c u r r e n t   p roce s se s   are  c r e a t e d   e i t h e r   by  execu t ing   a  " s t a r t  

process"  o p e r a t i o n   or  by  execu t ing   a  "run  process"  o p e r a t i o n .   They 

t e rmina te   e i t h e r   by  execu t ing   a  "end  process"   ope ra t ion   or  by 

execut ing   a  "stop  process"   o p e r a t i o n .  

A  process  may  be  taken  from  the  top  of  a  l i s t   for  execu t ion   by  use  o f  

the  procedure   "dequeue"  which  has  been  def ined  above.  T h a t  

d e f i n i t i o n ,   t o g e t h e r   with  va r ious   other   d e f i n i t i o n s   above,  i n c l u d e  

l ine   numbers  which  are  not  pa r t   of  the  d e f i n i t i o n   but  m e r e l y  

f a c i l i t a t e   e x p l a n a t i o n .   Line  1  of  the  d e f i n i t i o n   of  ProcedureDEQUEUE 

merely  gives  the  name  of  the  procedure   and  l ine   2  i n d i c a t e s   t ha t   a 

sequence  of  events   are  to  occur.   According  to  l ine  3  the  WPTR  REG  51 

of  the  a p p r o p r i a t e   bank  38  or  39  takes  the  po in te r   which  has  been  h e l d  



in  the  FPTR  REG  53  of  the  same  bank.  Line  4  i n d i c a t e s   t h a t   a  t e s t   o f  

c e r t a i n   c o n d i t i o n s   is  to  be  c a r r i e d   out.  Line  5  i n d i c a t e s   t h a t   if  t h e  

c o n t e n t s   o f  t h e   BPTR  REG  52  are  found  to  be  the  same  as  the  c o n t e n t s  

of  the  FPTR  REG  53  then  in  accordance   with  l ine   6  the  value  "Not  

Process   p"  is  loaded  into  the  FPTR  REG.  Line  7  i n d i c a t e s   tha t   if  t h e  

c o n d i t i o n   of  l ine   5  was  not  found  to  be  the  case  then  l ine   7  a p p l i e s  

in  t ha t   the  FPTR  REG  53  of  the  a p p r o p r i a t e   r e g i s t e r   bank  is  l o a d e d  

with  the  p o i n t e r   c u r r e n t l y   s t o r e d   in  the  l ink  l o c a t i o n   66  of  t h e  

workspace  p r e v i o u s l y   po in ted   to  by  the  con t en t s   of  the  FPTR  REG. 

F i n a l l y ,   in  accordance   with  l i ne   9  the  IPTR  REG  50  is  loaded  with  t h e  

-  IPTR  from  the  IPTR  l o c a t i o n   65  of  the  workspace  now  po in ted   to  b y  t h e  

c o n t e n t s   of  the  WPTR  REG  51 .  

The  e f f e c t   of  t h i s   is  to  advance  the  l i s t   by  tak ing   the  f r o n t   p r o c e s s  

off  and  loading   i t   in to  t h e  a p p r o p r i a t e   r e g i s t e r s   ready  for  e x e c u t i o n .  

A  c u r r e n t   p rocess   may  be  deschedu led   by  the  procedure   " s t a r t   n e x t  

p rocess"   which  has  been  de f ined   above.  A  c u r r e n t   p rocess   may  e x e c u t e  

an  i n s t r u c t i o n   which  invo lves   s e t t i n g   th  SNP  FLAG  58  to  the  value  1 

and  in  t h a t   case ,   when  the  p r o c e s s o r   responds  to  a  m i c r o i n s t r u c t i o n  

r e q u i r i n g   i t   to  take  the  next  a c t i o n ,   the  p roce s so r   will   execute   t h e  

procedure   in  accordance   with  the  above  d e f i n i t i o n .   According  to  l i n e  

3  of  the  d e f i n i t i o n   the  p r o c e s s o r   i n i t i a l l y   c l e a r s   the  f lag   by  s e t t i n g  

SNP  FLAG  58  to  the  value  0.  Line-4  r e q u i r e s   the  p r o c e s s o r   to  t e s t  

whether   the  c o n d i t i o n   of  l i n e   5  is  t r u e .   Provided  the  FPTR  r e g i s t e r  

does  not  con ta in   the  value  "Not  Process   p"  then  accord ing   to  l i ne   6 

t h e . d e q u e u e   p rocedure   will  occur  so  t h a t   the  next  p rocess   is  taken  o f f  

the  top  l i s t .   If  however  l i ne   5  had  not  been  true  t h i s   would  i n d i c a t e  

t h a t   t he re   was  no  process   w a i t i n g   on  a  l i s t   for  the  c u r r e n t   p r i o r i t y .  

The  p r o c e s s o r   would  then  check  whether   the  c o n d i t i o n   of  l ine   7  was 

t rue .   That  i nvo lves   t e s t i n g   whether  the  PRI  FLAG  47  has  the  value  0.  

If  i t   does  then  we  know  t h a t   the re   is  no  p r i o r i t y   0  process   w a i t i n g  

due  to  the  r e s u l t   of  the  t e s t   in  l ine   5  and  consequen t ly   the  p r o c e s s o r  

goes  on  to  the  sequence  commencing  with  l ine   9  of  s e t t i n g   the  p r i o r i t y  



flag  to  1.  This  causes  the  p roces so r   to  examine  the  r e g i s t e r   bank  f o r  

the  p r i o r i t y   1  p roces se s   and  in  accordance   with  l ines   11  and  12  t h e  

p rocessor   checks  to  see  whether  the  WPTR  REG  (1)  con ta ins   the  v a l u e  

"Not  Process  p"  and  tha t   the  FPTR  REG  (1)  does  not  contain  the  v a l u e  

"Not  Process  p".  This  means  tha t   there   was  no  i n t e r r u p t e d   p r i o r i t y   1 

process  which  has  l e f t   i t s   WPTR  in  the  WPTR  REG  51  and  tha t   the re   is  a 

wai t ing   p r i o r i t y   1  process   on  the  l i s t .   Provided  th is   cond i t i on   i s  

t rue  then  accord ing   to  l ine   13  the  p r o c e s s o r   executes   the  p r o c e d u r e  

dequeue  which  causes   the  next  p r i o r i t y   1  p rocess   to  be  taken  off  t h e  

f ron t   of  the  l i s t .   If  however  the  c o n d i t i o n   of  l ines   11  and  12  were 

not  c o r r e c t   then  accord ing   to  l ines   14  and  15  the  p rocessor   skips   any 
ac t ion .   This  means  t ha t   if  there   had  been  a  WPTR  in  the  WPTR  REG  (1 )  

the  p roces so r   will   con t inue   to  execute   t h a t   i n t e r r u p t e d   p rocess .   I f  

there   had  not  been  an  i n t e r r u p t e d   process   and  there   had  been  n o t h i n g  

wai t ing   on  the  p r i o r i t y   1  l i s t   then  the  p r o c e s s o r   will  a w a i t  

schedul ing   of  a  f u r t h e r   p rocess .   If  however  the  p rocessor   had  found 

tha t   the  c o n d i t i o n   in  l ine   7  was  not  c o r r e c t   but  on  the  other   hand  t h e  

p r i o r i t y   was  1  then  in  accordance  with  l i n e s   16  and  17  the  WPTR  REG 

(1)  will  take  the  value  "Not  Process  p " .  

During  message  t r a n s i t i o n   a  process  may  be  descheduled   while  w a i t i n g  

for  a  communicating  process   to  reach  a  c o r r e s p o n d i n g   stage  in  i t s  

program.  When  the  two  communicating  p r o c e s s e s   reach  a  c o r r e s p o n d i n g  

stage  the  p rocedure   "run"  may  be  used  to  schedule   a  process  whose 

d e s c r i p t o r   is  con t a ined   in  the  PROCDESC  r e g i s t e r   46.  The  ac t ion   o f  

the  p rocesso r   can  then  be  unders tood  from  the  d e f i n i t i o n   of  t h e  

procedure  "run"  se t   out  above.  In  accordance   with  l ine   3  the  p r i o r i t y  

of  the  process   i n d i c a t e d   by  the  PROCDESC  r e g i s t e r   46  is  c a l c u l a t e d   and 

loaded  into  the  PROCPRIFLAG  48.  According  to  l ine   4  the  WPTR  of  t h e  

process   having  i t s   d e s c r i p t o r   in  r e g i s t e r   46  is  c a l c u l a t e d   and  l o a d e d  

into  the  PROCPTR  REG  45.  The  p rocesso r   then  t e s t s   to  see  whether  t h e  

c o n d i t i o n s   of  l ine   6  apply.  The  c u r r e n t   process   has  a  p r i o r i t y   of  0 

or  if  the  p r i o r i t y   in  the  PROCPRIFLAG  48  is  the  same  as  the  p r i o r i t y  

in  the  PRIFLAG  47  and  at  the  same  time  the  WPTR  REG  51  of  the  c u r r e n t  

process  con t a in s   a  workspace  po in te r   then  the  p rocesso r   c a r r i e s   o u t  



the  sequence  fo l lowing   l ine   7.  Line  7  merely  e x p l a i n s   t h a t   t h e  

sequence  is  t h a t   necessa ry   to  add  a  p rocess   to  the  queue.  Line  8 

r e q u i r e s   t h a t   the  p r o c e s s o r   car ry   out  a  t e s t   whether  the  c o n d i t i o n   o f  

l i ne   9  is  t r ue .   Provided  tha t   the  FPTR  REG  of  the  p r i o r i t y   i n d i c a t e d  

by  the  f lag   48  has  the  value  "Not  Process   p"  then  accord ing   to  l ine   10 

t h a t   FPTR  REG  is  loaded  with  the  p o i n t e r   of  r e g i s t e r   45.  That  makes 

the  r e s c h e d u l e d   process   the  top  of  the  l i s t .   Line  11  i n d i c a t e s   t h a t  

if  the  c o n d i t i o n   of  l ine   10  was  not  c o r r e c t   then  the  p o i n t e r   c o n t a i n e d  

in  r e g i s t e r   46  is  w r i t t e n   in to   the  l ink   l o c a t i o n   66  of  the  l a s t  

p rocess   on  the  l i s t   i n d i c a t e d   by  the  BPTR  REG  of  the  a p p r o p r i a t e  

p r i o r i t y .   That  BPTR  REG  is  then  loaded  with  a  p o i n t e r   to  the  c o n t e n t s  

of  r e g i s t e r   45.  In  o ther   words  the  r e s c h e d u l e d   process   is  added  t o  

the  end  of  the  l i s t .   Line  14  means  t h a t   if  the  c o n d i t i o n   of  l ine   6 

was  not  the  case  then  the  sequence  of  l ine   15  will  occur.   In  t h i s  

case  l i n e   16  r e q u i r e s   t ha t   the  PRIFLAG  47  will   take  the  v a l u e  

c u r r e n t l y   in  the  PROCPRIFLAG  48  and  acco rd ing   to  l ine   17  the  WPTR  REG 

of  the  a p p r o p r i a t e   p r i o r i t y   will  be  loaded  with  the  p o i n t e r   f rom 

r e g i s t e r   45.  Line  18  r e q u i r e s   t h a t   the  IPTR  REG  50  of  a p p r o p r i a t e  

p r i o r i t y   will   be  loaded  with  the  IPTR  taken  from  the  IPTR  l o c a t i o n   65 

of  the  p rocess   i n d i c a t e d   by  the  p o i n t e r   in  the  WPTR  REG  51.  Line  19 

i n s e r t s   the  value  zero  into  the  0  r e g i s t e r   of  the  a p p r o p r i a t e   p r i o r i t y  

b a n k .  

Process   to  Process   Communica t ion  -  

One  p rocess   may  communicate  with  another   using  a  s o f t   channel  p r o v i d e d  

by  one  a d d r e s s a b l e   word  l o c a t i o n   in  memory.  A l t e r n a t i v e l y   a  p r o c e s s  

on  one  microcomputer   may  communicate  with  a  process   on  a n o t h e r  

microcomputer   through  the  s e r i a l   l i nks   using  hard  input   and  o u t p u t  

c h a n n e l s .   The  s e r i a l   l inks   each  have  an  input   pin  and  an  ou tput   p in  

connec ted   to  c o r r e s p o n d i n g   pins  of  ano ther   microcomputer   by  a  s i n g l e  

wire  which  forms  a  u n i d i r e c t i o n a l   non-shared   communication  path.  Fo r  

both  i n t e r n a l   and  ex t e rna l   communication  each  o u t p u t t i n g   p r o c e s s  

e x e c u t e s   one  "ou tpu t   message"  o p e r a t i o n   as  def ined  above  for  e a c h  

message  to  be  ou tpu t   and  each  i n p u t t i n g   process   execu tes   an  " i n p u t  



message"  o p e r a t i o n   as  de f ined   above  for  each  message  to  be  input .   In  

accordance  with  t h i s   embodiment  the  message  length  to  be  t r a n s m i t t e d  

for  each  "ou tpu t   message"  or  " input   message"  ope ra t ion   may  be  o f  

va r i ab l e   l e n g t h .   Data  is  t r a n s m i t t e d   in  one  or  more  uni ts   o f  

s p e c i f i e d   b i t   l eng th   and  in  th is   case  the  b i t   length  is  8  b i t s   f o r m i n g  

1  byte.  The  message  may  t h e r e f o r e   c o n s i s t   of  one  or  a  p l u r a l i t y   o f  

uni ts   or  bytes   depending  on  the  length   of  the  message  tha t   i s  

r equ i r ed .   In  order   to  unders tand   the  manner  in  which  communication  i s  

e f f e c t e d   va r ious   examples  will  now  be  d e s c r i b e d .  

Example  1 

Process  Y  wishes  to  ou tpu t   a  message  to  p rocess   X  on  the  same 

microcomputer   using  a  s o f t   channel  where  both  p rocesses   are  of  t h e  

same  p r i o r i t y .   This  is  i l l u s t r a t e d   in  the  sequence  of  Figure  15.  

I n i t i a l l y   the  channel  70  con ta ins   the  value  "Not  Process  p"  as  n e i t h e r  

process  Y  nor  p rocess   X  have  yet   executed  an  i n s t r u c t i o n   which  

r equ i re s   use  of  t h a t   channe l .   When  process   Y  reaches  the  poin t   in  i t s  

program  where  i t   wishes  to  execute  an  output   i t   loads  into  i t s   AREG  54 

a  count  i n d i c a t i n g   the  number  of  bytes  which  c o n s t i t u t e   the  m e s s a g e ,  
i t   loads  into  the  BREG  55  the  address   of  the  channel  to  be  used  f o r  

the  communication  and  i t   loads  into  the  CREG  the  source  address   which 

is  the  memory  address   for  the  f i r s t   byte  of  the  message  to  be 

t r a n s m i t t e d .   This  is  in  accordance  with  l i n e s   2,  3  and  4  of  t h e  

d e f i n i t i o n   of  the  o p e r a t i o n   "output   message".   Fu r the r   l ine   number 

r e f e r e n c e s   will   r e l a t e   to  the  d e f i n i t i o n   of  ouptut   message  g i v e n  

above.  Line  5  r e q u i r e s   the  p rocessor   to  t e s t   the  con ten t s   of  the  B 

r e g i s t e r   to  see  whether   the  channel  address   given  cor responds   to  t h a t  

of  a  hard  channe l .   If  i t   does  then  l ine   7  of  the  d e f i n i t i o n   r e q u i r e s  

the  p rocessor   to  ca r ry   out  the  procedure  " l ink   channel  output   a c t i o n "  

which  has  been  de f ined   above.  In  the  example  of  Figure  15  t h a t   is  n o t  

the  case  and  c o n s e q u e n t l y   l ine   8  of  the  d e f i n i t i o n   is  found  to  be  t r u e  

in  that   the  B  r e g i s t e r   con ta in s   the  address   of  a  sof t   c h a n n e l .  

Consequently  the  p r o c e s s o r   c a r r i e s   out  the  sequence  fo l lowing  l ine   9 .  

In  accordance  with  l ine   10  the  TREG  49  is  loaded  with  the  v a l u e  



pointed   to  by  the  p o i n t e r   from  the  B  r e g i s t e r   with  no  o f f s e t   i . e .   t h e  

channel  c o n t e n t .   Lines  11  and  12  then  r e q u i r e   the  p rocessor   to  check  

whether  the  TREG  c o n t a i n s   the  value  Not  Process   p  and  th is   is  o f  

course  the  case  in  F igure   15b.  Consequent ly   the  p rocessor   c a r r i e s   o u t  

the  sequence  of  l i n e s   14  to  17  of  the  ou tput   message  d e f i n i t i o n .   L ine  

14  r e q u i r e s   the  process   d e s c r i p t o r   for  p rocess   Y  to  be  w r i t t e n   i n t o  

the  channel  70.  Line  15  r e q u i r e s   the  c o n t e n t s   of  the  IPTR  REG  50  t o  

be  s tored  in  the  IPTR  l o c a t i o n   65  of  the  workspace  for  process   Y 'and 

l i ne   16  r e q u i r e s   the  source  address   to  be  w r i t t e n   into  the  s t a t e  

l o c a t i o n   67  of  the  workspace  of  process   Y.  Line  17  r e q u i r e s   t h e  

SNPFLAG  to  be  s e t   to  1  i n d i c a t i n g   t ha t   process   Y  should  be  d e s c h e d u l e d  

by  the  next  ac t ion   of  the  p r o c e s s o r .   That  is  the  pos i t i on   shown  i n  

Figure  15c  and  remains  the  p o s i t i o n   un t i l   the  i n p u t t i n g   p rocess   X 

executes   an  input   i n s t r u c t i o n .  

Again  process   X  f i r s t   loads  into  i t s   A  r e g i s t e r   54  a  count  of  t h e  

number  of  bytes   r e q u i r e d   for  the  message  i t   is  to  input .   It  l o a d s  

into  i ts   B  r e g i s t e r   the  address   of  the  channel  to  be  used  for  t h e  

input   and  i t s   C  r e g i s t e r   is  loaded  with  the  d e s t i n a t i o n   address   in  t h e  

memory  for  the  f i r s t   byte  to  be  inpu t .   This  is  in  accordance  w i t h  

l i n e s   2,  3  and  4  of  the  d e f i n i t i o n   of  input   message  and  is  t h e  

p o s i t i o n   shown  in  F igure   15d.  Lines  5,  6  and  7  of  the  input  message  
d e f i n i t i o n   r e q u i r e   the  p r o c e s s o r   to  check  whether  the  address  in  the  B 

r e g i s t e r   co r r e sponds   to  a  hard  channel  in  which  case  the  p r o c e s s o r  
would  be  r e q u i r e d   to  execute   the  l ink  channel  input   act ion  p r o c e d u r e .  

That  is  not  the  case  in  Figure   15  as  the  B  r e g i s t e r   points   to  the  s o f t  

channel  70.  Consequen t ly   the  c o n d i t i o n   of  l ine   8  is  true  and  t h e  

sequence  f o l l owing   l i ne   9  occurs .   F i r s t l y   the  T  r e g i s t e r   49  f o r  

process   X  is  loaded  with  the  value  po in ted   to  by  the  po in te r   in  thez  B 

r e g i s t e r   with  no  o f f s e t   i . e .   the  channel  c o n t e n t .   If  tha t   value  had 

been  "Not  Process   p"  then  the  p roce s so r   would  have  followed  l i n e s   13 

to  17  which  would  have  r e s u l t e d   in  d e s c h e d u l i n g   process  X.  However,  

in  the  p r e s e n t   case  the  T  r e g i s t e r   is  found  to  meet  the  r equ i r emen t   o f  

l ine   18  of  the  d e f i n i t i o n   in  t ha t   i t   does  not  conta in   "Not  P r o c e s s  

p".  In  accordance   with  l i ne   21  of  the  d e f i n i t i o n   the  p roces so r   t h e n  

r e s e t s   the  channel  70  by  w r i t i n g   the  value  "Not  Process  p"  in to   t h e  



channel  70  as  shown  in  Figure   15e.  Lines  22  to  24  merely  contain   t h e  

e x p l a n a t i o n   tha t   the  p r o c e s s o r   will  now  be  prepared  to  carry  out  a 

b lock  copy   of  data  from  one  memory  l o c a t i o n   ( source)   to  another   memory 
l o c a t i o n   ( d e s t i n a t i o n )   while  the  T  r e g i s t e r   49  now  con ta ins   t h e  

process   d e s c r i p t o r   of  p rocess   Y  and  the  A  r e g i s t e r   con ta ins   the  c o u n t  

of  the  number  of  bytes  to  be  t r a n s m i t t e d .   Line  25  of  the  d e f i n i t i o n  

r e q u i r e s   tha t   the  B  r e g i s t e r   for  process   X  is  now  loaded  with  t h e  

d e s t i n a t i o n   address   which  was  p r e v i o u s l y   is  the  C  r e g i s t e r .   Accord ing  

to  l ine   26  the  PROC  p o i n t e r   r e g i s t e r   45  is  loaded  with  the  WPTR  of  

process   Y  which  is  de r ived   by  tak ing   the  process   d e s c r i p t o r   from 

r e g i s t e r   T  and  removing  the  p r i o r i t y   b i t .   Line  27  r e q u i r e s   tha t   the  C 

r e g i s t e r   for  process   X  is  loaded  with  the  source  address   taken  from 

the  s t a t e   l o c a t i o n   67  of  the  workspace  for  process   Y.  Line  28  t h e n  

r e q u i r e s   the  copy  f lag  of  the  a p p r o p r i a t e   p r i o r i t y   to  be  set  to  1  so 

tha t   at  i t s   next  ac t ion   the  p roce s so r   c a r r i e s   out  the  procedure  "Block 

copy  step"  which  has  been  de f ined   above.  This  causes  the  p rocessor   t o  

t r a n s f e r   one  byte  at  a  time  from  the  source  memory  address   to  t h e  

d e s t i n a t i o n   memory  address   and  i t   r epea t s   t h i s   e x e r c i s e   p r o g r e s s i v e l y  

a l t e r i n g   the  source  and  d e s t i n a t i o n   addresses   as  each  byte  i s  

t r a n s f e r r e d   and  p r o g r e s s i v e l y   d e c r e a s i n g   the  count  in  the  A  r e g i s t e r  

of  the  number  of  bytes  remaining  to  be  t r a n s f e r r e d .   When  the  count  i s  

zero  the  descheduled  process   Y  is  r e schedu led   by  the  procedure  run .  

This  can  be  seen  from  the  d e f i n i t i o n   of  block  copy  step.   Line  2 

de f ines   the  sequence  t h a t   is  to  occur.   The  f i r s t   step  is  l ine  3  which 

reads  into  the  0  r e g i s t e r   the  byte  from  the  source  address   in  memory 
i n d i c a t e d   by  the  C  r e g i s t e r .   Line  4  then  wr i t e s   t h a t   byte  of  d a t a  

from  the  0  r e g i s t e r   in to   the  d e s t i n a t i o n   memory  address   pointed  to  by 

the  B  r e g i s t e r .   Line  5  then  c l e a r s   the  0  r e g i s t e r .   Line  6  c r ea t e s   a 

new  source  po in t e r   which  is  advanced  by  one  byte  and  l ine   7  c rea tes   a 

new  d e s t i n a t i o n   address   which  is  advanced  by  one  byte.   Line  8  c a u s e s  

the  count  in  the  A  r e g i s t e r   to  be  reduced  by  one.  Line  9  t h e n  

r e q u i r e s   a  t e s t   to  be  c a r r i e d   out  to  find  whether  in  accordance  w i th  

l ine   10  the  A  r e g i s t e r   now  c o n t a i n s   a  zero  count  in  which  case  t h e  

block  copy  has  been  comple ted .   If  the  A  r e g i s t e r   does  not  contain   a 

zero  count  then  the  c o n d i t i o n   of  l ine   21  is  met.  However,  as  the  copy 



f lag   is  s t i l l   set  to  1  the  p roces so r   will  c o n t i n u e   to  take  an 

a p p r o p r i a t e   next  a c t i o n .   If  the  p r i o r i t y   of  the  p rocess   involved  i n  

the  block  copy  is  a  low  p r i o r i t y   process  and  a  high  p r i o r i t y   p r o c e s s  
has  become  ready  to  run  then  the  p rocesso r   may  i n t e r r u p t   the  b lock  

copy  a f t e r   t r a n s m i t t i n g   one  or  a  number  of  bytes   p r i o r   to  c o m p l e t i o n  

of  the  fu l l   message  t r a n s f e r   in  order  to  execute   the  h igher   p r i o r i t y  

p r o c e s s .   However,  assuming  t h a t   there   is  no  h ighe r   p r i o r i t y   p r o c e s s  

awa i t i ng   then  on  r each ing   l i n e   22  of  the  block  copy  s tep ,   t h e  

p r o c e s s o r   will   r epea t   the  sequence  commencing  from  l i ne   2  as  the  copy 

f lag   is  s t i l l   se t .   Conseuent ly   i t   will  r e p e a t   the  p rocedure   of  l i n e s  

3  to  8  of  the  block  copy  step  unt i l   the  count  is  zero .   Line  13  t h e n  

r e q u i r e s   the  copy  f lag   to  be  c l ea r ed   and  r e s e t   to  zero.   Lines  14  and 

15  r e q u i r e   the  p roce s so r   to  check  whether  the  T  r e g i s t e r   49  has  a 

value  o the r   than  Not  Process   p.  In  the  p r e s e n t   case  i t   will  have  t h e  

process   d e s c r i p t o r   of  the  descheduled   process   Y.  Consequent ly   t h e  

sequence  beginning  at  l ine   16  will  occur  and  the  p rocess   d e s c r i p t o r  

r e g i s t e r   46  will  be  loaded  with  the  process   d e s c r i p t o r   of  process  Y 

which  was  p r e v i o u s l y   c o n t a i n e d   in  the  T  r e g i s t e r .   The  p r e v i o u s l y  

d e s c r i b e d   procedure   run  will  then  be  e f f e c t e d   in  order   to  r e s c h e d u l e  

process   Y.  Lines  19  and  20  merely  i n d i c a t e   t h a t   if  the  T  r e g i s t e r   had 

not  c o n t a i n e d   the  process   d e s c r i p t o r   of  a  d e s c h e d u l e d   process   then  t h e  

a c t i o n   would  have  been  s k i p p e d .  

Example  2 

F igure   16  shows  in  the  sequence  message  communicat ion  between  an 

o u t p u t t i n g   process   Y  on  a  f i r s t  m i c r o c o m p u t e r   251  communicating  wi th  

an  i n p u t t i n g   process   X  on  a  second  microcomputer   252.  The  output  p in  

27  of  an  ou tput   channel  90  for  process   Y  is  connec t ed   by  a  s ingle   w i r e  

253  to  the  input   pin  26  of  the  input   channel  91  for  process   X. 

With  all  p rocesses   execu t ing   output   or  input   using  a  hard  channel  t h e  

p rocess   is  descheduled   a f t e r   execu t ing   the  a p p r o p r i a t e   output   or  i n p u t  

i n s t r u c t i o n .   The  t r a n s f e r   of  the  r equ i r ed   number  of  bytes  from  t h e  

source  address   in  the  memory  of  one  mic rocompute r   to  the  d e s t i n a t i o n  



address   in  the  memory  of  the  o ther   microcomputer   is  c a r r i e d   out  unde r  

the  control   of  the  l ink   u n i t s   de sc r ibed   in  F igures   10,  11,  12,  13  and 

14.  The  t r a n s f e r   of  bytes  is  c a r r i e d   out  i ndependen t ly   of  ac t ion   by 

the  p roces so r   so  tha t   the  p r o c e s s o r   of  both  microcomputers   can  be 

execu t ing   c u r r e n t   p r o c e s s e s   i ndependen t ly   of  the  message  t r a n s f e r .  

When  the  l inks   have  reached  a  stage  in  the  message  t r a n s f e r   which 

r equ i r e   f u r t h e r   a c t i on   by  the  p r o c e s s o r   they  make  s u i t a b l e   r e q u e s t s   t o  

the  p r o c e s s o r .   Each  l ink  channel  has  a  channel  address   which  c o n s i s t s  

of  one  a d d r e s s a b l e   word  in  memory  c a l l e d   the  process   word.  The 

addres ses   of  these  hard  channel  process   words  are  chosen  so  t h a t   t h e  

p rocessor   r e c o g n i s e s   them  as  hard  channels   needing  s e p a r a t e  

connec t ions   to  the  l i n k s .   In  each  of  F igures   16,  17,  18  and  1 9  a  

s i m i l a r   format  has  been  used  for  i n d i c a t i n g   the  output   channel  90  f o r  

process   Y  and  the  input   channel  91  for  process   X.  The  channel  has  i t s  

a s s o c i a t e d   process   word  256  marked  with  the  a b b r e v i a t i o n   PW.  The 

output   channel  has  r e g i s t e r s   254  which  have  been  de sc r i bed   above  i n  

Figure  12  and  a  l o c a t i o n   257  in  which  the  s t a t e   of  the  t r a n s f e r   s t a t e  

machine  113  is  i n d i c a t e d .   For  the  input   channel  91  the  process   word 

l o c a t i o n   256  is  shown  as  well  as  the  input   channel  r e g i s t e r s   255  which 

have  a l ready  been  d e s c r i b e d   in  Figure  13  and  a  l o c a t i o n   258  shows  t h e  

s t a t e s   of  the  th ree   s t a t e   machines  from  Figure  13.  In  Figure  16  b o t h  

p rocesses   have  s i m i l a r   p r i o r i t y   and  the  o u t p u t t i n g   process   Y  a t t e m p t s  

to  output   a  message  before   p rocess   X  a t tempts   to  input   a  message.  In  

accordance  with  l i ne s   2  to  4  of  the  d e f i n i t i o n   of  "ou tput   message"  

process   Y  loads  into  the  A  r e g i s t e r   54  the  count  of  the  number  o f  

bytes  to  be  t r a n s m i t t e d   in  the  message,  into  the  B  r e g i s t e r   55  t h e  

address   of  the  channel  to  be  used  and  into  the  C  r e g i s t e r   56  t h e  

source  address   in  memory  for  the  f i r s t   byte  to  be  copied .   As  is  shown 

in  Figure  16a  at  t h i s   time  the  output   channel  is  id le   whereas  t h e  

input   channel  has  the  s t a t e s   data  absen t ,   id le   and  d i s a b l e d .   A f t e r  

Figure  16a  process   Y  e x e c u t e s   the  o p e r a t i o n   "output   message"  and  in  

accordance  with  l ine   6  of  the  d e f i n i t i o n   of  tha t   o p e r a t i o n   t h e  

p rocessor   f inds  tha t   the  channel  is  a  hard  channel  and  consequen t l y   i n  

accordance  with  l ine   7  the  procedure   " l ink  channel  output   ac t ion"   i s  

c a r r i e d   out.  The  d e f i n i t i o n   of  tha t   procedure   " l ink  channel  o u t p u t  



ac t ion"   i n d i c a t e s   tha t   the  cu r r en t   IPTR  for  p rocess   Y  is  taken  from 

the  IPTR  REG  50  and  s to red   in  the  IPTR  l o c a t i o n   of  the  workspace  f o r  

process   Y.  Line  5  r e q u i r e s   tha t   the  process   d e s c r i p t o r   of  process  Y 

is  w r i t t e n   into  the  process   word  l o c a t i o n   256  of  the  output   channel  

90.  Line  6  sets  the  por t   number  for  the  ou tput   channel  and  l ine  7 

r e q u i r e s   the  procedure  "cause  l ink  output"   which  has  been  d e s c r i b e d  

above.  That  t r a n s f e r s   into  the  channel  r e g i s t e r s   254  the  count  s o u r c e  

and  p r i o r i t y   from  the  a p p r o p r i a t e   r e g i s t e r s   in  use  in  execut ion   of  t h e  

process   Y.  An  input   r eques t   is  also  made  to  the  l ink   channel  so  t h a t  

the  f i r s t   byte  of  data  is  t r a n s m i t t e d .   According  to  l ine   8  t h e  

SNPFLAG  is  set  to  1  so  tha t   the  next  ac t ion   by  the  p r o c e s s o r   r e q u i r e s  

process   Y  to  be  descheduled   as  p r e v i o u s l y   d e s c r i b e d .   The  pos i t i on   i s  

as  shown  in  Figure  16b 

When  process   X  is  about  to  execute  input   message  i t   loads  the  A 

r e g i s t e r   54,  B  r e g i s t e r   55  and  C  r e g i s t e r   56  with  the  count  channel  

and  d e s t i n a t i o n   r equ i r ed   for  the  input   as  shown  in  Figure  16c.  When 

process   X  executes   the  o p e r a t i o n   " input   message",   i t   f inds  i n  

accordance   with  l ine   6  of  the  d e f i n i t i o n   t ha t   the  channel  is  a  h a r d  

channel  and  consequen t ly   it   performs  the  p rocedure   " l ink   channel  i n p u t  

a c t i o n " .   This  c a r r i e s   out  the  same  sequence  as  has  been  desc r ibed   f o r  

l ink  channel  output   a c t i on .   It  s t o r e s   the  IPTR  of  X  in  the  IPTR 

l o c a t i o n   65  of  the  workspace  of  process   X  and  w r i t e s   the  p r o c e s s  

d e s c r i p t o r   for  process   X  into  the  process   word  256  of  the  i n p u t  

channel  91.  I t   loads  the  count  d e s t i n a t i o n   and  p r i o r i t y   of  X  into  t h e  

r e g i s t e r s   255  of  the  input   channel  91.  In  t h i s   case  l ine   7  of  t h e  

p rocedure   l ink  channel  input   ac t ion   makes  an  ou tpu t   r eques t   to  t h e  

l ink  so  tha t   an  acknowledge  packet   is  sent  from  the  ou tpu t   channel  

a s s o c a t e d   with  process   X  to  the  input   channel  a s s o c i a t e d   with  p r o c e s s  

Y.  The  p o s i t i o n   is  as  shown  in  Figure  16b.  

A  p l u r a l i t y   of  data  bytes  in  data  packets   are  then  sent  each  f o l l o w e d  

by  an  acknowledge  packet   as  has  a l ready   been  d e s c r i b e d   with  r e f e r e n c e  

to  Figure  14.  When  the  f ina l   acknowledge  packe t   has  been  sent  from 

process   X  the  l ink  for  process   X  makes  a  run  r e q u e s t   on  l ine   84e  as  

d e s c r i b e d   with  r e f e r e n c e   to  13  so  t h a t   the  p r o c e s s o r   of  mic rocompute r  



258  r e s c h e d u l e s   process   X  by  adding  i t   to  the  end  of  the  l i s t   if  t h e r e  

is  a l r eady   a  l i s t .   This  is  the  p o s i t i o n   shown  in  16e.  After  16e  t h e  

f i na l   acknowledge  packet   is  received  by  the  input   channel  for  p r o c e s s  

Y  and  a  run  r e q u e s t   s ignal   is  genera ted   on  l ine   84b  of  Figure  12  so 

t h a t   the  p r o c e s s o r   when  asked  to  take  next  ac t ion   adds  process  Y  t o  

the  end  of  the  l i s t   of  a p p r o p r i a t e   p r i o r i t y .   The  p o s i t i o n   is  then  as  

shown  in  F igure   1 6 f .  

Process   Input   from  A l t e r n a t i v e   Input  C h a n n e l s  

An  a l t e r n a t i v e   p rocess   is  one  which  s e l e c t s   one  of  a  number  o f  

channe l s   for  input   and  then  executes  a  c o r r e s p o n d i n g   component  p r o c e s s  
of  the  a l t e r n a t i v e   p rocess .   The  s e l e c t i o n   of  the  channel  from  t h e  

a l t e r n a t i v e s   a v a i l a b l e   is  performed  by  the  i n p u t t i n g   process  e x a m i n i n g  

all  the  channe l s   to  determine  if  one  or  more  are  ready  for  input   in  

the  sense  t h a t   i t   has  an  o u t p u t t i n g   p rocess   a l r eady   wai t ing  to  o u t p u t  

through  t ha t   channe l .   If  no  channel  is  found  to  be  ready  t h e  

i n p u t t i n g   process   is  descheduled  unt i l   one  of  the  channels   becomes 

ready.  If  at  l e a s t   one  of  the  channels   was  found  to  be  ready,  or  i f  

the  i n p u t t i n g   process   is  rescheduled   due  to  ac t ion   by  an  o u t p u t t i n g  

p roces s ,   the  p rocess   s e l e c t s   one  of  the  i npu t s   which  is  now  ready  and 

performs  the  input   through  that   channel .   During  the  s e l e c t i o n   of  t h e  

input   channel  the  s t a t e   l o c a t i o n   67  of  the  p rocess   workspace  can  t a k e  

only  the  spec ia l   values  enabl ing  p,  w a i t i n g  p ,   and  ready  p.  

In  order   to  al low  an  i n p u t t i n g   process   input   from  one  of  a  number  o f  

a l t e r n a t i v e   channels   i t   is  important   t h a t   the  i n p u t t i n g   process  can  be  

descheduled   if   none  of  the  a l t e r n a t i v e   i npu t   channels   are  ready  when 

the  i n p u t t i n g   process   f i r s t   reaches  the  s tage   in  i t s   program  where  i t  

wishes  to  input   from  one  of  those  a l t e r n a t i v e s .   This  is  p a r t i c u l a r l y  

impor tan t   where  the  p roces so r   is  o p e r a t i n g   with  d i f f e r e n t   p r i o r i t y  

p r o c e s s e s .   Otherwise   a  high  p r i o r i t y   p rocess   wishing  to  e f f e c t  

a l t e r n a t i v e   input   could  hold  up  i n d e f i n i t e l y   low  p r i o r i t y   p r o c e s s e s  
while  i t   remains  scheduled   merely  r e p e a t e d l y   t e s t i n g   the  s t a t e   of  t h e  

var ious   a l t e r n a t i v e   input   channels  awa i t ing   an  ou tput   process  on  one 

of  them.  Consequent ly   the  present   embodiment  al lows  the  i n p u t t i n g  



process   to  be  deschedu led   if  none  of  the  a l t e r n a t i v e   input  c h a n n e l s  

are  ready  when  they  are  f i r s t   t e s t e d   by  the  i n p u t t i n g   p rocess .   If  t h e  

i n p u t t i n g   p rocess   has  descheduled  in  t h i s   way  a  r eques t   may  be  made  t o  

the  p roce s so r   to  r e s c h e d u l e   the  process   as  soon  as  one  of  the  c h a n n e l s  

becomes  ready  due  to  ac t ion   by  an  o u t p u t t i n g   p rocess .   However  i t   may 

occur  t ha t   more  than  one  o u t p u t t i n g   channel  becomes  ready  before   t h e  

i n p u t t i n g   process   has  been  r e schedu led   and  c a r r i e d   out  i t s   i n p u t .  

Consequent ly   as  soon  as  any  output   p rocess   makes  a  channel  ready  at  a 

time  when  the  i n p u t t i n g   process   is  de schedu led   and  wai t ing  i t   i s  

neces sa ry   to  p r even t   more  than  one  r e q u e s t   being  made  to  the  p r o c e s s o r  

to  r e s c h e d u l e   the  i n p u t t i n g   p rocess .   This  is  achieved  by  use  o f  

i n s t r u c t i o n s   i n c o r p o r a t i n g   the  above  de f ined   o p e r a t i o n s   a l t e r n a t i v e  

s t a r t ,   enable   channe l ,   a l t e r n a t i v e   wa i t ,   d i s a b l e   channel ,   a l t e r n a t i v e  

end  and  input   message.   Any  process  wishing  to  e f f e c t   an  a l t e r n a t i v e  

input   must  f i r s t   execute   an  a l t e r n a t i v e   s t a r t   fol lowed  by  t h e  

o p e r a t i o n   enable   channel  once  for  each  of  the  p o s s i b l e   a l t e r n a t i v e  

channe l s .   This  is  fol lowed  by  a l t e r n a t i v e   wa i t ,   d i sab le   channel  and 

a l t e r n a t i v e   end.  Af te r   th i s   the  process   will   need  to  execute  some 

load  i n s t r u c t i o n s   in  order  to  give  count  channel  and  s o u r c e  

i n f o r m a t i o n   for  use  in  " input   message"  as  p r e v i o u s l y   d e s c r i b e d .  

Various  examples  which  involve  the  i n s t r u c t i o n s   for  a l t e r n a t i v e   i n p u t  

will   now  be  d e s c r i b e d .  

Example  3 

This  r e l a t e s   to  communication  between  an  o u t p u t t i n g   process  Y  on  one 

microcomputer   pass ing   message  through  a  s e r i a l   l ink  to  an  i n p u t t i n g  

process   X  on  a  d i f f e r e n t   microcomputer .   Process   X  commences  the  i n p u t  

o p e r a t i o n s   before   Y  executes   any  ou tpu t   i n s t r u c t i o n s .   None  of  t h e  

a l t e r n a t i v e   inputs   is  ready  at  the  time  the  p rocess   X  commences.  I t  

f u r t h e r   assumes  t ha t   once  one  of  the  channe l s   becomes  ready  due  t o  

ou tpu t   ac t ion   by  process   Y  none  of  the  o the r   a l t e r n a t i v e   c h a n n e l s  

becomes  ready.   I n i t i a l l y   process  X  execu te s   " a l t e r n a t i v e   s t a r t "   and 

in  accordance   with  the  d e f i n i t i o n   of  t h a t   o p e r a t i o n   i t   w r i t e s  



"enab l ing   p"  in to   the  s t a t e   l o c a t i o n   67  of  the  workspace  of  p r o c e s s  

X.  The  s t a t e   machines  of  the  ou tpu t   channel  90  and  input   channel  91 

are  as  shown  in  Figure  17a.  Process .X  then  executes   the  o p e r a t i o n  

"enable   channe l " .   It  does  th i s   for  each  of  the  p o s s i b l e   i n p u t  

channe ls   but  Figure   17b  shows  the  r e s u l t   of  th is   o p e r a t i o n   on  t h e  

p a r t i c u l a r   channel  which  will  be  used  by  process  Y.  As  is  shown  i n  

the  d e f i n i t i o n   of  enable   channe l ,   p rocess   X  i n i t i a l l y   loads  a  gua rd  

value  in to   the  A  r e g i s t e r   and  t h i s   is  checked  before  p roceeding   w i t h  

the  o p e r a t i o n .   Lines  8  to  17  s p e c i f y   the  sequence  to  be  fol lowed  i f  

the  channel  is  a  so f t   channe l .   In  the  p r e sen t   case  the  address   of  t h e  

channel  c o r r e s p o n d s  t o   t h a t   of  a  hard  channel  and  c o n s e q u e n t l y   t h e  

sequence  from  l i ne s   21  to  29  are  fo l lowed .   Line  21  c a l c u l a t e s   t h e  

por t   number  of  the  channel  and  l ine   22  causes  the  p r o c e s s o r   to  make  a 

s t a t u s   enqui ry   for  tha t   channe l .   Lines  23  to  25  i n d i c a t e   t h a t   if  t h e  

channel  had  been  ready,   the  value  ready  p  would  have  been  w r i t t e n   i n t o  

the  s t a t e   l o c a t i o n   67  for  the  process   X.  However  t h a t   is  not  the  c a s e  
and  c o n s e q u e n t l y   the  sequence  from  l i n e s   27  to  29  apply.   The  p r o c e s s  

d e s c r i p t o r   for  process   X  is  w r i t t e n   into  the  process   word  l o c a t i o n   f o r  

the  channel  in  accordance   with  l ine   28  of  the  d e f i n i t i o n   and  l ine   29 

r e q u i r e s   the  procedure   enable   l ink  which  has  been  def ined   above.  T h i s  

sets   the  p r i o r i t y   f lag  of  the  input   channel  to  the  p r i o r i t y   of  t h e  

process   X  and  causes  an  enable   r e q u e s t   to  the  link  channe l .   T h i s  

causes  the  s t a t e   of  the  channel  to  be  changed  to  "enabled"   as  shown  i n  

Figure  17b.  Process   X  then  execu tes   an  a l t e r n a t i v e   wai t .   In  

accordance   with  l ine   2  of  the  d e f i n i t i o n   of  a l t e r n a t i v e   wai t   t h i s   s e t s  

the  value  -1  in to   the  zero  l o c a t i o n   of  the  workspace  for  process   X. 

Lines  3  and  4  check  the  c o n t e n t   of  the  s t a t e   l o c a t i o n   67  to  see  if  i t  

is  ready  p.  As  i t   is  not,   the  sequence  of  l ines   8  to  11  are  c a r r i e d  

out.  In  o ther   words  the  value  wa i t ing   p  is  wr i t t en   into  the  s t a t e  

l o c a t i o n s   67  for  process   X.  The  IPTR  for  process   X  is  s to red   in  t h e  

IPTR  l o c a t i o n   65  and  process   X  is  descheduled   as  a  r e s u l t   of  s e t t i n g  
the  SNPFLAG  to  1.  This  is  shown  in  Figure  17c.  After   t h i s   process   Y 

begins  an  output   o p e r a t i o n   by  e f f e c t i n g   output   message.  In  the  usual  

way  and  as  has  been  d e s c r i b e d   above,  th i s   will  cause  process   Y  to  be 

descheduled   and  the  ou tput   l ink  will  send  the  f i r s t   data  byte.   The 



a r r i v a l   of  tha t   byte  will   cause  the  input   l ink  for  process  X  to  make  a 

ready  r eques t   to  the  p r o c e s s o r   for  p rocess   X.  This  is  the  p o s i t i o n  

shown  in  F igure   17d.  Process   X  then  becomes  r e schedu led   and  c a r r i e s  

out  the  o p e r a t i o n   " d i s a b l e   channel"  which  s e l e c t s   one  channel  and 

d i s a b l e s   the  r e s t .   As  can  be  seen  from  l ine   1  of  the  d e f i n i t i o n   o f  

d i s a b l e   channe l ,   the  A  r e g i s t e r   is  loaded  with  an  i n s t r u c t i o n   o f f s e t  

which  is  n e c e s s a r y   to  der ive   the  address   of  the  next  i n s t r u c t i o n   to  be 

executed  by  the  i n p u t t i n g   process  a f t e r   the  o p e r a t i o n   ALTEND.  The  B 

r e g i s t e r   has  a  guard  value  and  the  C  r e g i s t e r   is  loaded  with  t h e  

channel  a d d r e s s .   I t   will   be  unders tood  t h a t   t h i s   i n s t r u c t i o n   i s  

r epea ted   for  each  of  the  p o s s i b l e   a l t e r n a t i v e   inpu t   channels .   Lines  9 

and  10  deal  with  check ing   the  guard  va lues .   P rov id ing   th i s   t e s t   i s  

s a t i s f a c t o r y   the  p r o c e s s o r   t e s t s   accord ing   to  l i n e s   13  and  14  w h e t h e r  

the  channel  address   is  t h a t   of  a  s o f t   channe l .   However  in  the  p r e s e n t  

case  l ine   26  a p p l i e s   in  t ha t   the  address   of  the  channel  is  t ha t   of  a 

hard  channel .   Line  29  c a l c u l a t e s   the  port   number  of  the  channel  and 

l ine   32  causes  a  s t a t u s   enquiry  to  be  made  to  the  l ink  by  t h e  

p roces so r .   If  the  channel  is  found  to  be  ready  in  accordance  w i t h  

l ine   34  the  above  d e f i n e d   procedure  "is  t h i s   s e l e c t e d   process"   i s  

c a r r i e d   out.  According  to  l ine   4  of  tha t   d e f i n i t i o n   th is   loads  i n t o  

the  0  r e g i s t e r   the  c o n t e n t s   of  the  zero  l o c a t i o n   of  the  workspace  o f  

process   X.  According  to  l i nes   5  and  6  t h i s   is  t e s t e d   to  see  if  i t   i s  

-1  and  if  so  the  c o n t e n t s   of  the  A  r e g i s t e r   are  w r i t t e n   to  the  memory 
l o c a t i o n   i n d i c a t e d   by  the  WPTR  REG  and  the  A  r e g i s t e r   has  the  v a l u e  

machine  TRUE  i n d i c a t i n g   tha t   th i s   is  the  s e l e c t e d   p rocess .   I n  

accordance  with  l i n e   10  if  the  0  r e g i s t e r   had  not  con ta ined   the  v a l u e  

-1  then  t h i s   would  not  be  the  s e l e c t e d   p r o c e s s .   Figure   17e  shows  t h e  

s t a t e   of  the  two  p r o c e s s e s   immediately   before   execu t ing   d i s a b l e  

channel  and  F igure   17f  shows  the  p o s i t i o n   a f t e r   execu t ing   d i s a b l e  

channel .   Af te r   F igu re   17f  process   X  execu te s   the  ope ra t ion   ALTEND 

which  from  l ine   1  of  i t s   d e f i n i t i o n   loads  the  0  r e g i s t e r   with  t h e  

con ten t s   of  the  memory  address   i n d i c a t e d   by  the  po in t e r   in  the  WPTR 

r e g i s t e r .   I t   then  puts  a  po in t e r   into  the  IPTR  r e g i s t e r   which  has  



the  p rev ious   value  of  the  IPTR  r e g i s t e r   t o g e t h e r   with  the  o f f s e t  

c o n t a i n e d   in  the  0  r e g i s t e r .   This  enab les   the  process  to  cont inue   a t  

the  d e s i r e d   p o s i t i o n   in  i t s   i n s t r u c t i o n   sequence.   Af ter   e x e c u t i n g  

ALTEND,  process   X  may  load  the  a p p r o p r i a t e   values  for  the  message  

t r a n s m i s s i o n   and  execute  input   message  which  will  carry  out  t h e  

sequence  i l l u s t r a t e d   in  Figure  16  from  Figure   16c  onwards .  

Although  the  above  example  r e l a t e d   to  use  of  a l t e r n a t i v e   h a r d  

c h a n n e l s ,   the  sequence  is  g e n e r a l l y   s i m i l a r   where  a  process   c a r r i e s  

out  an  a l t e r n a t i v e   input   through  one  of  a  number  of  a l t e r n a t i v e   s o f t  

c h a n n e l s .   I n i t i a l l y   execu t ion   of  " a l t e r n a t i v e   s t a r t "   loads  t h e  

spec ia l   value  " enab l ing   p"  to  the  s t a t e   l o c a t i o n   of  the  process   i n  

order   to  i n d i c a t e   t ha t   the  process   is  c a r r y i n g   out  an  a l t e r n a t i v e  

inpu t .   The  o p e r a t i o n   "enable  channel"   is  then  c a r r i e d   out  on  each  

channel  in  order   to  t e s t   the  s t a t e   of  the  channel .   Lines  12,  14  and 

16  of  the  d e f i n i t i o n   of  "enable  channel"   check  the  con ten t s   of  t h e  

channe l .   In  accordance   with  l ine   12,  if  no  workspace  p o i n t e r   is  found  

in  the  channel  the  value  "Not  Process  p"  is  w r i t t e n   into  the  c h a n n e l .  

In  accordance   with  l ine   17,  if  the  workspace  po in t e r   of  the  o u t p u t t i n g  

process   is  found  in  the  channel  the  value  "Ready  p"  is  w r i t t e n   i n t o  

the  s t a t e   l o c a t i o n   of  the  i n p u t t i n g   p r o c e s s .   This  is  done  for  each  

channel  in  order   to  check  whether  any  is  a l r eady   "ready"  as  a  r e s u l t  

of  an  i n s t r u c t i o n   executed  by  an  o u t p u t t i n g   process   and  for  any 

channe l s   which  are  not  found  to  be  ready  the  workspace  p o i n t e r   of  t h e  

i n p u t t i n g   process   is  l e f t   in  the  channe l .   The  i n p u t t i n g   p rocess   t h e n  

execu tes   " a l t e r n a t i v e   wait"  which  e f f e c t s   the  i n p u t t i n g   p rocess   r a t h e r  

than  the  channel .   In  accordance  with  l ine   2  of  the  d e f i n i t i o n   i t  

loads  the  value  -1  into  the  zero  l o c a t i o n   of  the  workspace  for  t h e  

i n p u t t i n g   process   and  l i nes   5  and  7  of  the  d e f i n i t i o n   of  " a l t e r n a t i v e  

wait"  check  on  the  con ten t s   of  the  s t a t e   l o c a t i o n   of  the  i n p u t t i n g  

p roces s .   If  i t   f inds   value  "Ready  p"  then  the  i n p u t t i n g   process   i s  

not  deschedu led   but  if  i t   does  not  f ind  "Ready  p"  then  accord ing   t o  

l ine   9  of  the  d e f i n i t i o n   i t   wr i t e s   "wa i t ing   p"  into  the  s t a t e   l o c a t i o n  

of  the  process   and  l ines   10  and  11  of  the  d e f i n i t i o n   lead  t o  

de schedu l i ng   of  the  i n p u t t i n g   p rocess .   If  the  i n p u t t i n g   process   was 



not  descheduled   then  i t   will  c a r r y  o n   with  i t s   next  i n s t r u c t i o n   which 

will  be  " d i s a b l e   channe l " .   If  on  the  o ther   hand  i t   had  b e e n  

descheduled   i t   will  in  due  course  be  r e s c h e d u l e d   as  a  r e s u l t   of  an 

o u t p u t t i n g   process   a t t e m p t i n g   to  use  one  of  the  a l t e r n a t i v e   c h a n n e l s  

and  when  the  i n p u t t i n g   process   is  r e s c h e d u l e d   i t   will  resume  with  i t s  

next  i n s t r u c t i o n   which  will  be  " d i s a b l e   channe l " .   It  will  carry  o u t  

t h i s   o p e r a t i o n   for  each  of  the  a l t e r n a t i v e   channels   and  p r i o r   to  each  

o p e r a t i o n   the  A  r e g i s t e r   will  be  loaded  with  an  o f f s e t   number  t o  

i n d i c a t e   the  i n s t r u c t i o n   o f f s e t   neces sa ry   to  loca te   the  n e x t  

i n s t r u c t i o n   in  the  program  sequence  for  t h a t   process   should  t h a t  

channel  be  chosen  for  the  input .   Lines  18,  20  and  24  i n d i c a t e  

r e s p e c t i v e   t e s t s   on  whether  or  not  the  channel  con ta ins   the  value  "Not  

Process   p",  a  p o i n t e r   to  the  i n p u t t i n g   p r o c e s s ,   or  a  po in t e r   to  an 

o u t p u t t i n g   p rocess .   If  in  accordance  with  l ine   24  i t   is  found  t h a t  

the  channel  c o n t a i n s   a  p o i n t e r   to  an  o u t p u t t i n g   process   l ine   25 

r e q u i r e s   the  p rocedure   "is  t h i s   s e l e c t e d   p r o c e s s " .   According  to  t h e  

d e f i n i t i o n   of  t h i s   p rocedure ,   the  zero  l o c a t i o n   of  the  workspace  o f  

the  process  is  checked  to  see  t ha t   i t   s t i l l   has  the  value  -1  and 

provided  i t   does  t h i s   then  becomes  the  s e l e c t e d   channel  for  the  i n p u t  

and  the  procedure   removes  the  value  -1  and  wr i tes   into  the  z e r o  

l o c a t i o n   of  the  workspace  the  i n s t r u c t i o n   o f f s e t   necessa ry .   When 

f u r t h e r   " d i s a b l e   channe ls"   o p e r a t i o n s   are  c a r r i e d   out  on  the  r e m a i n i n g  

channels   some  may  be  found  to  be  "ready"  by  holding  a  p o i n t e r   to  an 

o u t p u t t i n g   process   but  when  the  p rocedure   "is  th is   s e l e c t e d   p r o c e s s "  

is  c a r r i e d   out  i t   will   no  longer   l o c a t e   the  value  -1  in  the  z e r o  

l o c a t i o n   of  the  workspace  of  the  i n p u t t i n g   process   and  consequent ly   i t  

wil l   be  appa ren t   t ha t   a  channel  has  a l r e a d y   been  s e l e c t e d   and 

c o n s e q u e n t l y   no  f u r t h e r   channel  is  to  be  s e l e c t e d .   Any  channels   which 

are  s t i l l   found  to  con ta in   a  p o i n t e r   to  the  i n p u t t i n g   process   w i l l  

meet  the  c o n d i t i o n   of  l ine   20  of  the  " d i s a b l e   channel"  d e f i n i t i o n   and 

th i s   will  lead  to  the  sequence  fo l lowing   l ine   22  in  which  the  channel  

is  changed  back  to  "Process   p".  Af te r   the  "d i s ab l e   channel"  o p e r a t i o n  

has  been  c a r r i e d   out  on  all  the  a l t e r n a t i v e   channe l s ,   the  i n p u t t i n g  

process   c a r r i e s   out  the  o p e r a t i o n   " a l t e r n a t i v e   end"  which  t r a n s f e r s  

the  i n s t r u c t i o n   o f f s e t   from  the  zero  l o c a t i o n   of  the  workspace  o f  



the  i n p u t t i n g   process   and  causes   the  o f f s e t   to  be  added  to  t h e  

i n s t r u c t i o n   p o i n t e r   for  the  p rocess   so  tha t   the  c o n t i n u i n g   program  f o r  

t ha t   process   is  picked  up  at  the  c o r r e c t   point  in  i t s   i n s t r u c t i o n  

s e q u e n c e .  

Example  4 

This  example  i l l u s t r a t e d   in  F igure   18  has  process  Y  per forming   an 

output   o p e r a t i o n   on  one  microcomputer   in  order  to  communicate  w i t h  

process   X  on  ano ther   microcomputer   which  performs  a l t e r n a t i v e   i n p u t  

o p e r a t i o n s   on  a  number  of  channe l s   of  which  the  one  used  by  process   Y 

is  the  only  input   channel  which  is  ready.  I n i t i a l l y   p r o c e s s  Y  

executes   ou tput   message  in  accordance   with  the  sequence  d e s c r i b e d   f o r  

F igures   16a  and  16b.  This  is  the  p o s i t i o n   which  has  been  reached  i n  

Figure  18a.  Process   X  then  executes   an  a l t e r n a t i v e   s t a r t   o p e r a t i o n  

and  is  about  to  execute   enable   channel  and  the  p o s i t i o n   is  shown  in  

Figure  18b.  After   e x e c u t i n g   enable   channel  the  p o s i t i o n   moves  to  t h a t  

i l l u s t r a t e d   in  Figure  18c.  Process   X  then  executes   a l t e r n a t i v e   w a i t  

but  con t inues   and  is  not  deschedu led   and  the  p o s i t i o n   as  p rocess   X  i s  

about  to  execute   d i s a b l e   channel  is  shown  in  Figure  18d.  Having 

executed  d i s a b l e   channe l ,   the  p rocesses   cont inue  as  p r e v i o u s l y  

desc r ibed   with  r e f e r e n c e   to  F igure   17  a f t e r   execu t ion   of  d i s a b l e  

c h a n n e l .  

Example  5 

Figure  19  i l l u s t r a t e s   two  p r o c e s s e s   X  and  Y  of  the  same  p r i o r i t y   o f  

the  same  p r i o r i t y   on  the  same  microcomputer   in  the  s i t u a t i o n   where  

process   X  c a r r i e s   out  an  a l t e r n a t i v e   input   ope ra t ion   p r i o r   to  o u t p u t  

process   Y  commencing  an  ou tpu t   o p e r a t i o n .   The  sequence  will  be  t h e  

same  if  process   Y  was  at  a  h igher   p r i o r i t y   than  X.  I n i t i a l l y   p r o c e s s  

X  executes   a l t e r n a t i v e   s t a r t   and  th i s   is  the  p o s i t i o n   shown  in  F i g u r e  

19a.  It  merely  wr i t e s   " e n a b l i n g   p"  into  the  s t a t e   l o c a t i o n   of  t h e  



workspace  for  process   X.  Process   X  then  executes   enable   channel  and 

th i s   moves  on  to  the  p o s i t i o n   shown  in  Figure  19b  in  which  the  p r o c e s s  

d e s c r i p t o r   of  p rocess   X  is  l oca t ed   in  the  channel .   In  order   to  move 

to  Figure   19c  process   X  executes   an  a l t e r n a t i v e   wait   o p e r a t i o n   and  a s  

the  s t a t e   l o c a t i o n   of  process   X  con ta ins   enabl ing   p  the  l o c a t i o n   i s  

updated  to  wa i t i ng   p  and  process   X  is  descheduled .   When  process   Y 

wishes  to  ou tpu t   i t   commences  as  shown  in  Figure  19d  by  load ing   i t s  

r e g i s t e r s   and  execu tes   output   message.  It  f inds  t h a t   the  c h a n n e l  

c o n t a i n s   the  p rocess   d e s c r i p t o r   of  the  wa i t ing   process   X  and  process   Y 

reads  the  s t a t e   l o c a t i o n   67  of  the  workspace  for  p rocess   X  and  f i n d s  

t h a t   i t   c o n t a i n s   the  value  wai t ing   p.  This  i n d i c a t e s   t h a t   process   X 

is  involved   in  an  a l t e r n a t i v e   input   o p e r a t i o n .   This  causes  the  s t a t e  

l o c a t i o n   of  X  to  be  set  to  ready  p,  the  channel  is  loaded  with  t h e  

process   d e s c r i p t o r   of  process   Y.  The  workspace  of  p rocess   Y  is  u sed  

to  save  the  IPTR  value  for  Y  and  the  source  address .   Process   Y  s e t s  

the  SNPFLAG  to  1  and  schedules   process   X.  This  is  the  p o s i t i o n   shown 

in  F igure   19e.  As  the  SNPFLAG  is  set  to  1,  process   Y  is  d e s c h e d u l e d .  

Process   X  now  tha t   i t   is  scheduled  is  about  to  execute   d i s a b l e   channe l  

o p e r a t i o n   as  shown  in  Figure  19f.  Af ter   execu t ing   the  d i s a b l e  

o p e r a t i o n   the  p o s i t i o n   is  as  i n d i c a t e d   in  Figure  19g.  Af te r   t h a t  

p rocess   X  execu t e s   the  o p e r a t i o n   a l t e r n a t i v e   end  which  is  fo l lowed  by 

f u r t h e r   load  i n s t r u c t i o n s   and  input   message  as  p r e v i o u s l y   d e s c r i b e d .  

Example  6 

The  example  shown  in  F igures   20a,  20b  and  20c  i l l u s t r a t e   how  a  h igh  

p r i o r i t y   p rocess   Y  which  is  executed  by  the  same  microcomputer   as  a 

lower  p r i o r i t y   process   X  can  cause  i n t e r r u p t i o n   of  p rocess   X.  P r o c e s s  

X  is  a  low  p r i o r i t y   1  process   which  during  the  course  o f  i t s   e x e c u t i o n  

c r e a t e d   p rocess   Y.  As  process   Y  has  p r i o r i t y   0  which  is  the  h i g h  

p r i o r i t y   p rocess   X  was  i n t e r r u p t e d   l eav ing   i t s   WPTR  in  the  p r i o r i t y   1 

WPTR  REG  51.  At  the  p o s i t i o n   shown  in  Figure  20a  process   Y  is  t h e  

c u r r e n t   p rocess   with  the  p r i o r i t y   f lag  47  set  to  i n d i c a t e   a  p r i o r i t y   0 

p rocess   and  in  the  example  shown  no  p rocesses   are  wa i t i ng   on  a  l i s t  

for  e i t h e r   p r i o r i t y   1  or  p r i o r i t y   0.  During  execu t ion   of  process   Y 



i t   may  wish  to  perform  an  output   message  using  a  l i nk .   This  w i l l  

cause  s e t t i n g   of  the  SNPFLAG  to  1  as  shown  in  Figure   20b  and  process  Y 

will   be  d e s c h e d u l e d .   The  s t a r t   next  p rocess   procedure   will  c l ea r   t h e  

SNPFLAG  58  and  the  p rocessor   will   t e s t   the  FPTR  (0)  to  determine  i f  

t he re   was  ano the r   process  on  the  p r i o r i t y   0  l i s t .   As  the re   is  n o t  

(because   the  FPTR  REG  (0)  c o n t a i n s   the  value  Not  Process   p)  t h e  

p r o c e s s o r   will   set   the  PRIFLAG  47  to  1  and  as  the  WPTR  REG  (1)  

c o n t a i n s   a  va l id   workspace  p o i n t e r   for   the  process   X  the  p r o c e d u r e  

s t a r t   next  p rocess   performs  no  f u r t h e r   a c t i o n .   The  p r o c e s s o r   as  i t s  

next   a c t i o n   checks  tha t   there   are  no  r e q u e s t s   from  l inks   and  t h e  

SNPFLAG  (1)  is  not  set  and  c o n s e q u e n t l y   i t   r e s t a r t s   execu t ion   o f  

p rocess   X.  This  is  the  p o s i t i o n   in  F igure   20c.  At  some  l a t e r   s t a g e  

the  l ink   through  which  process   Y  was  o u t p u t t i n g   a  message  will  have 

r e c e i v e d   the  f ina l   acknowledge  at  the  end  of  the  s u c c e s s i o n   of  b y t e s  

which  were  i n c o r p o r a t e d   in  the  message.   At  t ha t   time  the  l ink  used  by 

p rocess   Y  will   make  a  run  r e q u e s t   to  the  p r o c e s s o r .   On  complet ion  o f  

the  c u r r e n t   ac t ion   the  p rocesso r   will  decide  what  ac t ion   next  t o  

perform.   The  SNPFLAG  (1)  is  not  set  and  there   is  a  run  r eques t   for  a 

channel  p r i o r i t y   0  which  is  h igher   than  t ha t   of  p r i o r i t y   X  which  i s  

the  c u r r e n t   p roces s .   The  p r o c e s s o r   t h e r e f o r e   performs  the  p r o c e d u r e  

"handle   run  r eques t "   which  copies   the  process   d e s c r i p t o r   of  t h e  

wa i t i ng   p rocess   Y  into  the  PROCDESC  REG  and  performs  the  r un  

p r o c e d u r e .   The  run  procedure  loads  the  process   workspace  p o i n t e r   o f  

p rocess   Y  in to   the  PROCPTR  REG  and  the  p r i o r i t y   of  Y  into  t h e  

PROCPRIFLAG.  As  the  p r i o r i t y   of  Y  is  h igher   than  t h a t   of  the  p r i o r i t y  

i n d i c a t e d   in  the  PRIFLAG  of  the  c u r r e n t   X  process   an  i n t e r r u p t  

occurs .   The  PRIFLAG  is  set  to  0  and  the  WPTR  REG  (0)  is  set   to  t h e  

p rocess   workspace  of  Y  and  the  IPTR  REG  (0)  is  loaded.   The  p o s i t i o n  

has  now  r e t u r n e d   to  tha t   shown  in  Figure   20a  The  next  ac t ion   of  t h e  

p r o c e s s o r   will   be  to  execute  the  next  i n s t r u c t i o n   process   Y  which  i s  

the  i n s t r u c t i o n   fo l lowing  the  ou tput   message  i n s t r u c t i o n .  



Example  7 

F igures   21a,  21b  and  21c  i l l u s t r a t e   the  r e g i s t e r   and  f lag  changes  

dur ing  a  message  p a s s i n g   between  an  output   p rocess   Y  and  a  h i g h e r  

p r i o r i t y   p rocess   X  which  is  ca r ry ing   out  an  a l t e r n a t i v e   input .   In  

t h i s   p a r t i c u l a r   example  process  X  has  a l r eady   commenced  an  a l t e r n a t i v e  

inpu t   and  has  execu ted   a l t e r n a t i v e   wait  so  t h a t   p rocess   X  i s  

deschedu led   with  i t s   process   d e s c r i p t o r   in  the  channe l .   When  p r o c e s s  
Y  execu t e s   ou tpu t   message,   i t   f inds  the  p rocess   d e s c r i p t o r   of  X  in  t h e  

channel  and  t h e r e f o r e   reads  the  s t a t e   l o c a t i o n   of  the  workspace  o f  

p rocess   X  where  i t   f inds   the  value  wa i t ing   p  t h e r e b y   i n d i c a t i n g   t h a t  

p rocess   X  is  pe r fo rming   an  a l t e r n a t i v e   i n p u t .   P rocess   Y  t h e r e f o r e  

causes   i t s   p rocess   d e s c r i p t o r   to  be  l o c a t e d   in  the  channel  and  t h e  

IPTR  of  Y  is  w r i t t e n   into  the  IPTR  l o c a t i o n   of  the  workspace  of  Y  and 

the  source  of  the  f i r s t   byte  of  the  message  is  w r i t t e n   into  the  s t a t e  

l o c a t i o n   of  the  workspace  of  Y.  The  SNPFLAG  (1)  is  then  set  to  1  a s  

shown  in  F igure   21a.  This  will  l a t e r   cause  p rocess   Y  to  be 

de schedu led .   The  process   d e s c r i p t o r   of  X  will   be  w r i t t e n   into  t h e  

PROCDESC  r e g i s t e r   and  the  p rocessor   will  ca r ry   out  a  run  procedure  f o r  

p rocess   X.  However,  as  the  processor   is  now  s c h e d u l i n g   process   X 

which  is  of  p r i o r i t y   0  and  the  p rocessor   is  c u r r e n t l y   at  p r i o r i t y   1  i t  

will   cause  an  i n t e r r u p t   of  p r i o r i t y   1  and  s t a r t s   to  execute  p r o c e s s  
Xbefore  s t a r t i n g   the  procedure   S t a r t   Next  P r o c e s s .   The  s t a t e   a f t e r  

comple t ion   of  the  run  procedure  is  shown  in  F igure   21b.  Process  X 

then  performs  the  d i s a b l e   channel  o p e r a t i o n s   and  s e l e c t s   the  channel  

which  is  used  by  p rocess   Y.  Process  X  then  c o n t i n u e s   to  execute  an 

inpu t   m e s s a g e - i n s t r u c t i o n   which  r e se t s   the  channel  to  the  value  "Not 

Process   p",  loads   the  TREG  with  the  p rocess   d e s c r i p t o r   of  process  Y 

and  sets   the  copy  f lag   to  1.  The  p r o c e s s o r   then  will   cause  t h e  

message  to  be  copied  and  f i n a l l y   process  Y  to  be  scheduled .   The  run 

p rocedure   will   cause  the  process   Y  to  be  p laced   on  the  p r i o r i t y   1 

queue.  E v e n t u a l l y   process   X  will  deschedule   by  s e t t i n g   the  SNPFLAG 

(0).   The  p r o c e s s o r   then  decides  what  a c t i on   to  perform  next  and  s i n c e  

the  SNPFLAG  (0)  is  set   i t   will  execute  s t a r t   next  process   and  t h i s  

will   cause  the  machine  to  re turn   to  p r i o r i t y   1  and  th i s   is  the  s t a t e  



shown  in  Figure  21c.  As  the  SNPFLAG  (1)  is  s t i l l   set  the  p r o c e s s o r  
will   execute   the  p rocedure   s t a r t   next  process   which  will  d e s c h e d u l e  

process   Y.  However  p rocess   Y  is  s t i l l   on  the  p r i o r i t y   1  l i s t   and  w i l l  

e v e n t u a l l y   be  s c h e d u l e d .  

I n s t r u c t i o n   Sequence  for  Example  Programs 

In  our  European  Pa t en t   S p e c i f i c a t i o n   0110642  there   are  de sc r i bed   two 

example  p roce s se s   one  d e a l i n g   with  the  v a r i a b l e   " r o t a t i o n s "   and  t h e  

o ther   with  v a r i a b l e   "mi les"   and  the  i n s t r u c t i o n   sequences  to  carry   o u t  

two  example  programs  for  those  p rocesses   has  been  given.  The  same  two 

examples  are  se t   out  below.  Both  programs  are  the  same  as  were  s e t  

out  in  European  Pa t en t   S p e c i f i c a t i o n   0110642  and  are  again  w r i t t e n  

using  OCCAM  language .   Below  each  of  the  example  programs  is  t h e  

i n s t r u c t i o n   sequence  formed  by  use  of  a  compiler   to  conver t   the  OCCAM 

s t a t e m e n t s   into  the  machine  i n s t r u c t i o n s .   In  th i s   case  the  machine  

i n s t r u c t i o n s   are  in  accordance   with  the  f u n c t i o n s   and  o p e r a t i o n s  

def ined   above .  

Line  numbers  have  been  added  to  the  program  and  i n s t r u c t i o n   s e q u e n c e  
for  each  example  and  the  l ine   numbers  are  for  r e f e r e n c e   purposes  o n l y .  

Example  1 





Example  2 





It  will   be  seen  t h a t   these   two  programs  now  produce  d i f f e r e n t  

i n s t r u c t i o n   sequences   from  those  r e f e r r e d   to  in  European  P a t e n t  

S p e c i f i c a t i o n   0110642  as  they  use  f unc t i ons   and  o p e r a t i o n s   as  set   o u t  

a b o v e .  

Example  1 

It   can  be  seen  t h a t   l i n e   7  of  the  program  r e q u i r e s   an  input   from  a 

channel  " r o t a t i o n "   and  th i s   causes  l ine  12  of  the  c o r r e s p o n d i n g  

i n s t r u c t i o n   sequence  to  load  the  d e s t i n a t i o n   address   for  the  data  t o  

be  input .   Line  13  loads  a  p o i n t e r   to  the  channel  to  be  used.  Line  14 

loads  a  count  of  the  number  of  words  to  be  input .   Line  15  c o n v e r t s  

the  count  from  words  to  by tes .   Lines  16  and  17  load  the  o p e r a t i o n  

" inpu t   message"  by  use  of  the  pfix  f u n c t i o n .   S i m i l a r l y   l ine   9  of  t h e  

program  r e q u i r e s   an  ou tpu t   through  a  channel  and  in  the  c o r r e s p o n d i n g  

i n s t r u c t i o n   sequence  l ine   24  loads  a  po in t e r   to  the  source  of  data  t o  

be  ou tpu t .   Line  25  loads  a  p o i n t e r   to  the  channel  to  be  used.  L ine  

26  loads  the  count  of  the  ou tpu t   message  in  words.  Line  27  c o n v e r t s  

th i s   count  to  by tes .   Again  l i n e s   28  and  29  use  a  pfix  i n s t r u c t i o n   i n  

order   to  carry   out  the  "ou tpu t   message"  i n s t r u c t i o n .  



Example  2 

This  example  i nc ludes   an  a l t e r n a t i v e   i n p u t t i n g   opera t ion   which  

commences  at  l ine   5  of  the  program.  This  r e q u i r e s   an  a l t e r n a t i v e  

input  e i t h e r   from  the  channel  "mile"  in  accordance  with  l ine   6  of  t h e  

program  or  from  channel  " fuel"   in  accordance   with  l ine   8  of  t h e  

program.  In  the  c o r r e s p o n d i n g   i n s t r u c t i o n   sequence  i t   can  be  s e e n  

tha t   the  a l t e r n a t i v e   input   o p e r a t i o n   begins  at  l ine   5.  Line  5 

r equ i r e s   the  o p e r a t i o n   " a l t e r n a t i v e   s t a r t " .   Line  6  loads  a  p o i n t e r   t o  

the  channel  "mi le" .   Line  7  loads  a  guard  value  " t rue" .   Lines  8  and  9 

use  as  pfix  f u n c t i o n   in  order  to  ope ra t e   "enable  channel"  for  t h e  

channel  "mile" .   Line  10  loads  a  p o i n t e r   to  the  channel  " fue l"   and 

l ine  11  loads  a  guard  value  " t r u e " .   Lines  12  and  13  use  the  p f i x  

funct ion   in  order   to  carry  out  the  o p e r a t i o n   "enable  channel"  for  t h e  

channel  " f u e l " .   Lines  14  and  15  use  a  pfix  func t ion   in  order   t o  

operate   " a l t e r n a t i v e   wait"  for  t h i s   p r o c e s s .   Line  16  loads  a  p o i n t e r  

to  the  channel  "mile"  and  l ine   17  loads  a  guard  value  " t r u e " .   Line  18 

loads  the  i n s t r u c t i o n   o f f s e t   which  will  be  necessary   if  the  p r o c e s s  

inputs  through  the  channel  "mi le" .   In  t h i s   case  the  o f f s e t   r e q u i r e d  

is  0.  Lines  19  and  20  use  the  pfix  f u n c t i o n   to  carry  out  t h e  

opera t ion   " d i s a b l e   channel"  on  the  channel  "mile" .   Line  21  loads  a  

po in te r   to  the  channel  " fuel"   and  l i ne   22  loads  a  guard  value  " t r u e " .  

Line  23  loads  the  i n s t r u c t i o n   o f f s e t   which  will  be  necessary   if  t h e  

process  inputs   through  the  channel  " f u e l " .   Lines  24  and  25  use  t h e  

pfix  func t ion   in  order   to  ope ra te   " d i s a b l e   channel"  on  the  channe l  

" fue l " .   Lines  26  and  27  use  the  pf ix  f u n c t i o n   in  order  to  o p e r a t e  

" a l t e r n a t i v e   e n d " .  

The  a l t e r n a t i v e   end  ope ra t i on   will   load  the  a p p r o p r i a t e   i n s t r u c t i o n  

o f f s e t   depending  on  the  channel  through  which  input  has  been  e f f e c t e d  

so  tha t   the  p rocess   then  proceeds  to  ca r ry   out  the  i n s t r u c t i o n  

sequence  between  the  r e f e r ence   markers  L2  to  L3  if  the  channel  " m i i e "  

was  used  for  the  input .   A l t e r n a t i v e l y   the  i n s t r u c t i o n   o f f s e t   w i l l  

cause  the  process   to  carry  out  the  i n s t r u c t i o n   sequence  between  t h e  

re fe rence   po in t s   L3  to  L4  if  the  channel  " fue l"   was  s e l e c t e d .  



NETWORKS  OF  VARIABLE  WORDLENGTH 

As  has  been  d e s c r i b e d   above,  the  message   t r a n s m i s s i o n   be tween 

p roces se s   on  the  same  microcomputer   or  d i f f e r e n t   microcomputers   t a k e s  

place  in  any  number  of  data  packets   of  s t andard   l eng th .   C o n s e q u e n t l y  

any  message  l ength   can  be  chosen.  As  each  packet   con ta in s   a  byte  o f  

data  communicat ion  can  occur  between  microcomputers   of  d i f f e r e n t  

word leng ths   and  i t   is  merely  necessa ry   to  supply  the  a p p r o p r i a t e  

number  of  bytes   in  each  message  to  make  up  a  complete  number  of  words 

for  the  microcomputer   involved  in  the  message  t r a n s m i s s i o n .   Such  a 

network  is  i l l u s t r a t e d   in  Figure  22  in  which  a  p l u r a l i t y   o f  

mic rocompute rs   having  word leng ths   of  16  b i t s ,   24  b i t s   or  32  b i t s   a r e  

shown.  Each  microcomputer   is  gene ra l l y   as  de sc r ibed   above .  

Microcomputer   260  has  r e g i s t e r s   of  16  bi t   wordlength   w h e r e a s  

mic rocompute r s   261  and  262  have  r e g i s t e r s   of  24  b i t   w o r d l e n g t h .  

Microcomputer   263  has  r e g i s t e r s   of  32  b i t   word leng th .   The  above 

d e s c r i b e d   message  t r a n s m i s s i o n   i n s t r u c t i o n s   will  ope ra te   in  the  same 

way  r e g a r d l e s s   of  the  wordlength   of  the  microcomputer   involved  in  t h e  

n e t w o r k .  

The  i n v e n t i o n   is  not  l i m i t e d   to  the  d e t a i l s   of  the  fo rego ing   e x a m p l e s .  



1.  A  microcomputer   compris ing   memory  and  a  p r o c e s s o r   a r ranged  t o  

execu te   a  p l u r a l i t y   of  c o n c u r r e n t   p r o c e s s e s ,   each  in  accordance  with  a 

program  c o n s i s t i n g   of  a  p l u r a l i t y   of  i n s t r u c t i o n s   for  s e q u e n t i a l  

e x e c u t i o n   by  the  p r o c e s s o r ,   each  i n s t r u c t i o n   d e s i g n a t i n g   a  r e q u i r e d  

f u n c t i o n   to  be  executed  by  the  p r o c e s s o r ,   said  p r o c e s s o r   c o m p r i s i n g  

(1)  a  p l u r a l i t y   of  r e g i s t e r s   and  data  t r a n s f e r   means  for  use  in  d a t a  

t r a n s f e r s   to  and  from  said  r e g i s t e r   (2)  means  for  r e c e i v i n g   each  

i n s t r u c t i o n   and  loading  into  one  of  the  p r o c e s s o r   r e g i s t e r s   a  va lue  

a s s o c i a t e d   with  the  i n s t r u c t i o n ,   and  (3)  con t ro l   means  for  c o n t r o l l i n g  

said  data  t r a n s f e r   means  and  r e g i s t e r s   in  response  to  each  i n s t r u c t i o n  

r e c e i v e d   to  cause  the  p r o c e s s o r   to  ope ra t e   in  accordance  with  t h e  

i n s t r u c t i o n ,   wherein  the  microcomputer   i n c l u d e s : -  

(1)  s chedu l ing   means  to  enable   the  p r o c e s s o r   to  share  i t s   p r o c e s s i n g  

time  between  a  p l u r a l i t y   of  c o n c u r r e n t   p r o c e s s e s ,   said  s c h e d u l i n g  

means  c o m p r i s i n g : -  

(a)  means  for  i d e n t i f y i n g   one  or  more  p roce s se s   to  form  a t  

l e a s t   one  c o l l e c t i o n   awai t ing   execu t ion   by  the  p r o c e s s o r  
(b)  means  for  de schedu l i ng   a  p rocess   by  i n t e r r u p t i n g   e x e c u t i o n  

of  the  c u r r e n t   p r o c e s s  
(c)  means  for  s chedu l ing   a  p rocess   by  adding  i t   to  a 

c o l l e c t i o n   awai t ing   e x e c u t i o n ,   and 

(2)  communication  means  to  permi t   data  t r a n s m i s s i o n   from  one  p r o c e s s  
to  ano the r   by  use  of  communicat ion  channe ls   when  both  p rocesses   are  a t  

c o r r e s p o n d i n g   s t ages   in  t h e i r   program  sequences ,   an  o u t p u t t i n g   p r o c e s s  

o p e r a t i n g   to  ou tput   data  and  an  i n p u t t i n g   process   o p e r a t i n g   to  i n p u t  

data  in  response   to  message  i n s t r u c t i o n s   which  i d e n t i f y   one  or  more 
channe l s   for  use  in  the  data  t r a n s m i s s i o n ,   said  communication  means 

i n c l u d i n g : -  

(a)  a  p l u r a l i t y   of  channe ls   each  compr i s ing   s tore   means  f o r  

holding  a  value  i n d i c a t i n g   whether   a  process   has  e x e c u t e d  

an  i n s t r u c t i o n   to  e f f e c t   data  t r a n s m i s s i o n   using  t h a t  

c h a n n e l ,  



(b)  means  r e s p o n s i v e   to  execu t ion   of  a  message  i n s t r u c t i o n  

by  one  of  the  p rocesses   involved   in  the  data  t r a n s m i s s i o n  

when  sa id   one  process   is  the  c u r r e n t   process   for  t e s t i n g  

the  c o n t e n t s   of  the  or  each  channel  i d e n t i f i e d   by  t h e  

i n s t r u c t i o n   and  arranged  to  o p e r a t e   said  means  to  d e s c h e d u l e  

the  c u r r e n t   process   if  no  channel  is  found  con ta in ing   a 

value  i n d i c a t i n g   t ha t   the  o the r   p rocess   involved  in  the  d a t a  

t r a n s m i s s i o n   has  reached  a  c o r r e s p o n d i n g   program  s tage ,   and  

(c)  means  to  allow  an  i n p u t t i n g   p rocess   to  input   through  one  o f  

a  p l u r a l i t y   of  a l t e r n a t i v e   c h a n n e l s ,   and  c o m p r i s i n g :  

(1)  means  r e s p o n s i v e   to  execu t ion   of  a  message  i n s t r u c t i o n   by  t h e  

i n p u t t i n g   process   to  t e s t   the  con ten t s   of  each  of  the  a l t e r n a t i v e  

channe l s   and  to  load  into  each  channel  a  value  i n d i c a t i n g   tha t   t h e  

i n p u t t i n g   process   has  executed  the  message  i n s t r u c t i o n   if  the  channe l  

does  not  a l r eady   c o n t a i n   a  value  i n d i c a t i n g   t h a t   an  o u t p u t t i n g   p r o c e s s  

has  executed  a  message  i n s t r u c t i o n   using  t h a t   c h a n n e l ,  

(2)  s e l e c t i o n   means  a r ranged   to  s e l e c t   one  of  the  a l t e r n a t i v e   i n p u t  

channels   when  an  o u t p u t t i n g   process  has  execu ted   a  message  i n s t r u c t i o n  

on  one  of  the  a l t e r n a t i v e   channe l s ,   and 

(3)  means  to  remove  from  the  a l t e r n a t i v e   channe l s   which  are  n o t  

s e l e c t e d   the  value  loaded  t h e r e i n   by  the  i n p u t t i n g   p r o c e s s .  

2.  A  microcomputer   accord ing   to  claim  1  in  which  the  means  f o r  

d e s c h e d u l i n g   a  p roces s   is  r espons ive   to  the  o p e r a t i o n   of  t e s t i n g   t h e  

channels   to  deschedu le   an  i n p u t t i n g   p rocess   i f ,   on  execut ion  of  t h e  

message  i n s t r u c t i o n   by  the  i n p u t t i n g   p r o c e s s ,   none  of  the  a l t e r n a t i v e  

channels   c o n t a i n s   a  value  i n d i c a t i n g   t h a t   an  o u t p u t t i n g   process  has  

execu ted   a  message  i n s t r u c t i o n   using  t h a t   c h a n n e l .  

3.  A  microcomputer   according  to  claim  2  where in   the  said  s c h e d u l i n g  

means  is  a r ranged   to  respond  to  execu t ion   of  a  message  i n s t r u c t i o n   by 

an  o u t p u t t i n g   p rocess   using  a  channel  c o n t a i n i n g   a  value  i n d i c a t i n g   a 

deschedu led   i n p u t t i n g   p rocess ,   to  r e s c h e d u l e   the  i n p u t t i n g   p r o c e s s .  



4.  A  microcomputer   accord ing   to  claim  3  wherein  the  s e l e c t i o n   means 

is  r e s p o n s i v e   to  d e s c h e d u l i n g   of  an  i n p u t t i n g   p rocess   to  d e l a y  

s e l e c t i o n   of  one  of  the  a l t e r n a t i v e   channels   un t i l   the  i n p u t t i n g  

process   has  been  r e s c h e d u l e d .  

5.  A  microcomputer   accord ing   to  any  one  of  the  p r e c e d i n g   c l a i m s  

wherein  the  communication  means  is  arranged  to  permit   d a t a  

t r a n s m i s s i o n   between  p roce s se s   which  are  executed   on  the  same 

microcomputer   and  sa id   channels   comprise  memory  l o c a t i o n s .  

6.  A  microcomputer   accord ing   to  any  one  of  the  p r e c e d i n g   c l a i m s  

wherein  the  communication  means  is  arranged  to  permit   ex te rna l   d a t a  

t r a n s m i s s i o n   between  process   which  are  executed   on  d i f f e r e n t  

microcomputers   and  sa id   channels   comprise  memory  l o c a t i o n s   some  o f  

which  form  par t   of  e x t e r n a l   communication  l i n k s .  

7.  A  microcomputer   accord ing   to  any  one  of  the  p reced ing   c l a i m s  

wherein  means  is  r e s p o n s i v e   to  execu t ion   of  a  message  i n s t r u c t i o n   t o  

input   through  one  of  a  p l u r a l i t y   of  a l t e r n a t i v e   channe l s   to  s tore  in  a 

memory  l o c a t i o n   a s s o c i a t e d   with  the  process   a  f i r s t   spec ia l   va lue  

i n d i c a t i n g   tha t   the  process   has  commenced  an  a l t e r n a t i v e   i n p u t  

o p e r a t i o n .  

8.  A  microcomputer   a cco rd ing   to  claim  7  wherein  the  said  means  f o r  

t e s t i n g   the  con ten t s   of  each  of  the  a l t e r n a t i v e   channe l s   is  a r r a n g e d  

to  s to re   a  second  spec i a l   value  in  a  memory  l o c a t i o n   a s s o c i a t e d   w i t h  

the  i n p u t t i n g   process   if  the  t e s t   of  any  one  of  the  channels   loca tes   a 

value  i n d i c a t i n g   t ha t   an  o u t p u t t i n g   process   has  execu ted   a  message 
i n s t r u c t i o n   using  t h a t   c h a n n e l .  

9.  A  microcomputer   accord ing   to  claim  7  or  claim  8  wherein  means  a r e  

provided  for  checking  the  con t en t s   of  the  memory  l o c a t i o n s   a s s o c i a t e d  

with  the  process   and  to  deschedule   the  i n p u t t i n g   p rocess   if  s a i d  

second  spec ia l   value  is  not  l o c a t e d ,   said  means  f u r t h e r   l oca t i ng   t h i r d  

and  four th   spec ia l   values   into  memory  l o c a t i o n s   a s s o c i a t e d   with  t h e  

process   one  of  which  values  i n d i c a t e s   tha t   the  process   is  d e s c h e d u l e d  



to  i n d i c a t e   tha t   the  process   is  involved  in  an  a l t e r n a t i v e   i n p u t t i n g  

p r o c e s s .  

10.  A  microcomputer   accord ing   to  claim  9  wherein  said  s e l e c t i o n   means 

is  a r ranged   to  t e s t   the  c o n t e n t s   of  each  of  said  a l t e r n a t i v e   c h a n n e l s  

and  to  s e l e c t   for  the  input   the  f i r s t   channel  t e s t e d   which  con t a in s   a 

value  i n d i c a t i n g   t h a t   an  o u t p u t t i n g   process   has  executed  a  message  
i n s t r u c t i o n   using  t ha t   channe l ,   said  s e l e c t i o n   means  being  a r ranged  t o  

remove  said  t h i r d   specia l   value  from  the  memory  l o c a t i o n   a s s o c i a t e d  

with  the  i n p u t t i n g   process   whereby  the  s e l e c t i o n   means  does  not  s e l e c t  

any  f u r t h e r   channel  which  may  con ta in   a  value  i n d i c a t i n g   t h a t   an 

o u t p u t t i n g   process   has  executed   a  message  i n s t r u c t i o n   using  t h a t  

c h a n n e l .  

11.  A  microcomputer   accord ing   to  claim  10  inc lud ing   means  r e s p o n s i v e  

to  s e l e c t i o n   of  a  channel  to  s t o r e   in  a  memory  l o c a t i o n   a s s o c i a t e d  

with  the  i n p u t t i n g   process   an  o f f s e t   value  to  i n d i c a t e   an  o f f s e t  

neces sa ry   in  the  program  sequence  for  t ha t   process  when  t h a t   channel  

is  s e l e c t e d .  

12.  A  microcomputer   accord ing   to  claim  10  i nc lud ing   means  for  s t o r i n g  

a  po in t e r   to  the  s tage  in  the  i n s t r u c t i o n   sequence  of  a  process   i f   t h e  

process   is  deschedu led   and  means  for  adding  to  said  po in t e r   the  s a i d  

o f f s e t   on  s e l e c t i o n   of  one  of  a  p l u r a l i t y   of  a l t e r n a t i v e   i n p u t  

c h a n n e l s .  

13.  A  microcomputer   accord ing   to  any  one  of  the  preceding  c l a i m s  

i n c l u d i n g   schedu l ing   means  for  adding  or  removing  a  process   from  one 
of  a  p l u r a l i t y   of  c o l l e c t i o n s   of  p roce s se s   having  d i f f e r e n t   p r i o r i t y  
and  awai t ing   e x e c u t i o n .  

14.  A  microcomputer   accord ing   to  any  one  of  the  preceding  claims  i n  

which  said  memory  p rov ides   for  each  process   a  workspace  having  a 

p l u r a l i t y   of  a d d r e s s a b l e   l o c a t i o n s   i n c l u d i n g   l o c a t i o n s   for  r e c o r d i n g  
v a r i a b l e s   a s s o c i a t e d   with  the  p rocess   and  in  which  one  of  s a i d  



processor   r e g i s t e r s   is  a r r anged   to  hold  a  workspace  po in t e r   v a l u e  

i d e n t i f y i n g   an  address   of  the  workspace  of  the  c u r r e n t   p r o c e s s .  

15.  A  microcomputer  accord ing   to  claim 14 wherein  the  workspace  f o r  

each  process   inc ludes   a  l o c a t i o n   for  s t o r i n g . o n e   of  a  p l u r a l i t y   o f  

specia l   values  i n d i c a t i n g   the  s t a t e   of  the  process   for  use  i n  

e f f e c t i n g   message  input   through  one  of  a  p l u r a l i t y   of  a l t e r n a t i v e  

c h a n n e l s .  
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